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Check these specifications for 
the SB-15: 


e Continuously calibrated sweep 
width from 200 KC to 1 KC 


e Exceptional stability at reduced 
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... designed for maximum 
application utility, relia- 
bility and automaticity for 


e Ultrasonic Spectrum Analyses 


@ Harmonic and Cross Modula- 
tion Investigations e Ultrasonic 
Vibration and Noise Measure- 
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toring e Attenuation Measure- 
ments of Filters and Transmis- 
sion Lines 
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. . « highly selective . . . discriminates 
against noise and hum... virtually un- 
limited dynamic range. Valuable for ana- 
lyzing telemetering and carrier current 
system components, transformers, filters, 
transducers, amplifiers, receivers and 
various networks and devices. 
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The 30 WRI RF Head is a broad band unit 
which, when coupled to a SA30 series indicator, 
provides a versatile Microwave Spectrum 
Analyzer for laboratory and production use. 
Its direct reading dial is calibrated in signal 
frequency to + .75%. 
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multipole 


Switch 
meets Specification MIL-S-6807 


The ESCO Type AF 
rotary multipole tap 
switch is designed to meet 
Specification MIL-S-6807. 
Rotor movement can be 
changed from unlimited 
to limited (2 to 8 posi- 
tions) by placement of 
two stop screws in the 
rear plate. 


Write today for Bulletin 7. 


WEYMOUTH 


TION 


@ 8 contact positions. 

@ Up to 6 sections, or poles. 

@ Unlimited or limited rotor 
movement by moving two 
stop screws. 

@ Electrical ratings: 

5 amp. 28 v. d-c, resistive. 
2.5 amp. 28 v. d-c, inductive. 
2.0 amp. 28 v. d-c, lamp load. 
5.0 amp. 115 v. 400 eps, 
resislive. 2.0 amp. at 50% 
power factor. 
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The Growing Importance of 


Simulation in Military Training 


tary training more realistic, and consequently 
more efficient, is not a modern innovation but has been 
used in the training of warriors in every period of his- 
tory. The use of padded lances in practice jousts, ob- 
stacle courses with live ammunition, and mock am- 
phibious maneuvers are alike attempts to simulate 
actual combat operations which are too dangerous and 
costly to engage in except under the compulsion of a 
real war, but which are needed to train and toughen the 
young fighter so that he may have a chance to survive 
his first “shot fired in anger.” 

Feature articles in this issue deal with specific appli- 
cations of simulation to pilot and aircrew training, and 
to the simulation of radar scope signals for the training 
of radar operators and CIC personnel. It is the purpose 
of these articles to provide some example of servo- 
electronic techniques used in training-type simulators. 

Past issues of MILITARY AUTOMATION have 
provided accounts of the Bell Helicopter Simulator’, the 
Air Force Century Series Flight Trainer?, and the Ce- 
lestial Navigational Trainer*. The career of Mr. Ed. 
Link, the inventor of the Link Trainer which started as 
a device powered by pneumatic servos but which in its 
latest versions use electronic and electro-mechanical 
servo systems, was traced in the July-August 1957 issue. 

It is appropriate to note here that Mr. Link was re- 
cently elected President of the General Precision Equip- 
ment Corporation, parent company to Link Aviation, 
Inc. 

A need for simulated training facilities is seen in con- 
nection with the exercising of the far-flung stations of 
the early-warning networks and the SAGE system. The 


S IMULATION of combat operations to make mili- 


Helicopter Flight Simulator, Bell Helicopter Corp., Ft. Worth, 
Tex., p 14 Jan-Feb 1958 MILITARY AUTOMATION. 


2New Component Advances Reliability of Jet Trainers, Mel- 
par, Ing, Falls Church, Va., p 148 July-August 1958 MILI- 
TARY AUTOMATION. 


3Celestial Navigational Trainer, The Reflectone Corp., p 140, 
May-June 1958 MILITARY AUTOMATION. 





only alternative would be to frequently rotate personnel 
assigned to these stations to central team-training estab- 
lishments, which would require a considerable outlay 
in transportation and relief personnel. 

It is probable that radar signals generated during mass 
training maneuvers or actual battle will, in the future, 
be preserved on magnetic tape for use during training. 
Techniques similar to those used in the taping of TV 
programs should provide realistic scope pictures which 
are seldom realized in training maneuvers with limited 
numbers of planes or missiles. 

Some functions of Nike and other defensive missile 
firings may be successfully simulated to maintain the 
skills and confidence gained on the training range 
where firings at drone targets simulate action against an 
attacking missile or jet. 


Simulation in the Astronautical Age 


When military equipment is inexpensive and plenti- 
ful, when the environment is familiar and the training 
situation is mot too dangerous, training with actual 
equipment is likely to be more satisfactory and economi- 
cal than the use of training simulators. By the same 
token, flights in new high-performance aircraft, at 
hitherto untried speeds and accelerations, into out-of- 
the-world environments, must be undertaken only by 
men who have received extensive and recent training 
under simulated conditions. Fortunately, much of this 
simulation will have already been accomplished as a by- 
product of simulation necessary to the development 
process when the new vehicle is completed; be it the 
X-15 Air-Space plane, or the Orbiting Space Capsule 
now entering the design stage. 

There is every indication that training of military op- 
erational personnel through simulation will be increas- 
ingly used in the future, and that development of the 
necessary training devices will be recognized as equally 
important with the development of the weapon or ve- 
hicle, and will be included in the overall system contract 
package. 

















CIRC 
BEF( 


DIT-MCt 
PL 


DIT-MC 
cuit fla 
Horizon 
spondin 
and ex« 
it on th 
tinves t 


All corr 
been cc 
searche 
DIT-MC 
cations, 
compre 
statistic 


board | 


DIT-MCO, 

rienced ste 
the field. | 
neer or w 
cbout DI 
Equipment. 





ELECTRON! 
911 BROAD 


Aircraft Ra 
Machine & 
of North A 
Co. @ Ces: 
Aircraft Cc 
®@ Farnswe 
anical 
Aircraft Er 
@ Internat 
. Miss 
ola, | 
merica @ 
Aircraft @ 
Autronic Di 
Airlines @ 
ite Oak 


MILITARY SYSTEMS DESIGN January: 







~~ om Dd & 














seetuem Eset | Cemeees E Seebee- F Stem B Seueees fF teens: | ERs D Stecemes 
anne 











NOW! COMPLETE 
FACTS ABOUT EVERY 







BEFORE YOUR EYES! 


DIT-MCO FAULT LOCATION CIRCUIT ANALYZER AUTOMATICALLY 
PLOTS TEST SEQUENCE... PINPOINTS, IDENTIFIES 
AND PATTERNS CIRCUIT ERRORS. 


DIT-MCO’s exclusive cross-reference Matrix Chart automatically pinpoints each cir- 
cuit flaw and puts clear, concise test information directly in front of the operator! 
Horizontal and vertical indicator lights cross-reference on the matrix square corre- 
sponding to the circuit under test. This square details type of flaw, circuit number 
and exact error location. Once an error is detected, the operator immediately marks 
it on the matrix square, resets the Universal Automatic Circuit Analyzer and con- 
tinues the test. 


All corrections are made direct from the Matrix Chart after the test sequence has 
been completed. This saves up to 90% correction time by eliminating time consuming 
searches through diagrams, manuals or interpretive readout devices. Because the 
DIT-MCO Matrix Chart is a simple, concise representation of all test circuits, specifi- 
cations, instructions and modifications, nothing is left to chance or guesswork! The 
comprehensive nature of the Matrix Chart system provides important data for 
from the drafting 


statistical analysis and permits effective checks and balances... 
board to obsolescence! 















DIT-MCO, Inc. employs an expe- 


rienced staff of sales engineers in PLUGBOARD 

aay eae ter eels te PROGRAMMING 

shout DIT-MCO Electrical Test MEANS 

Equipment. EFFICIENT 
TESTING! 










Jumper-wired plugboard programming utilizes 
simple, straight-forward adapter cables. Circuit 
modification problems vanish because all changes 
are easily made by re-jumpering the readily 
accessible plugboards. 


DIT-MCO, INC. 


ELECTRONICS DIVISION « BOX 02-27 
911 BROADWAY + KANSAS CITY, MO. 


Partial List of DIT-MCO Users 


Aircraft Radio Corp. @ AiResearch Manufacturing Co. @ American Bosch Arma Corp. @ American 
chine & Foundry Co. @ American Motors @ Amphenol Electronics Corp. @ Autonetics, A Division 
of North American Aviation, Inc. @ Bell Aircraft Corp. @ Bendix Aviation Corp. @ Boeing Airplane 
Co. @ Cessna Aircraft Co. @ Chance Vought Aircraft, Inc. @ Chrysler Corp. @ Convair @ Douglas 
Aircraft Co., Inc. @ Dukane Corp. @ Electronic Products ae. * Fairchild Aircraft Division 
e Farnsworth Electronics Co. @ Frankford Arsenal @ General Electric Co. @ General Mills, Inc., 
Mechanical Division @ General Precision Laboratory, Inc. @ Goodyear Aircraft Corp. @ Grumman 
aft Engineering Corp. @ Hazeltine Electronics Division, Hazeltine Corp. @ Hughes Aircraft 
@ International Business Machines Corp. @ Jefferson Electronic Products Corp. @ Lockheed Aircraft 
. Missile Systems Division @ Martin, Baltimore @ Minneapolis-Honeywell, Aeronautical Division @ 
Motorola, Inc. @ Northrup Aircraft, Inc. @ Pacific Mercury Television Mfg. Corp. @ Radio Corp. of 
America @ Radioplane Co. @ Raytheon Manufacturing Co. @ Servomechanisms, Inc. @ Sikorsky 
Aircraft @ Sperry Gyroscope Co. @ Summers  coteomn gh Co. @ Sun Electric Co. @ The Swartwout Co., 
Autronic Division @ Temco Aircraft Corp. @ Th Products @ Topp Industries Inc. @ Trans World 
Airlines @ U. S. Naval Air Station Overhaul and “Repair Depots @ U. S. Naval po ty eg Laboratory, 
White Oak @ Vertol Aircraft Corp. @ Western Electric Co. @ Westinghouse Electric 
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Lab Radar Simulator Provides 
Signal-Noise Ratio Accuracy 


Lifelike appearance and action of the simulated 
radar signals, is, of course, essential in any radar 
simulator used for operator training or other uses. 
When the simulator is to be used in development work 
on radar readout devices, however, an exact knowl- 
edge of the test conditions, so that they can accurately 
be reproduced, also becomes essential. The new Model 
RS-4 Search Radar Simulator, now available for com- 
mercial use from the Federal Scientific Corp., 615 W. 
131 St., New York 27, N. Y., features the ability ac- 
curately to control the signal-to-noise ratio in simu- 
lated signals for radar tracking, data processing, and 
other systems utilizing radar video inputs; enabling 
testing and development to proceed in any laboratory 
without using operating radars and actual aircraft. 
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Fig. 1 is a simple block diagram of the simulator and 
its connection to other equipment. Power required by 
the equipment is only 20 amp at 115 v, 60 cps. 

The developers of the RS-4 point out that in a 
search radar system the amplitude relationship be- 
tween signal and noise is complicated by the fact that 
the signal is usually present in pulse form while the 
noise is present at all time. Furthermore the signal is, 
in general, amplitude modulated by the antenna radia- 
tion and varies in magnitude because of the scintilla- 
tion of the airplane as a radar target. 

For purposes of analysis in connection with radar 
data processing, the signal-to-noise ratio is defined as 
the rms ratio between the signal and noise at the axis 
of the antenna when both are present. The approxi- 
mate rms signal value as used here can be obtained 
by tracking the target for a few minutes so that the 
antenna axis is always pointed at the aircraft. 

If the signal amplitudes are Rayleigh distributed, 
the rms value of the signal can be computed if the 
signal dc, or mean, value is known. The following 
equation gives the necessary relationship: 


Vims/ Ve = 2/ Vr 

By means of measuring apparatus supplied with the 
simulator, unity signal-to-noise ratio is first estab- 
lished. Insertion of attenuation in the noise channel 
then permits accurate final signal-to-noise setting. 

Used in connection with a radar PPI indicator, the 
simulated signals exhibit lifelike fading, tendency of 
strong targets to subtend larger angles, and typical 
noise backgrounds, 
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SEMI-CONDUCTOR 
POWER 
VONVERTERS 








PS-4000B 115 volt AC 
input; 300 volt 1.5 ampere . 
regulated DC output supply <@ 





PS-8001 
300 watt miniature 


PS-3001 

26 volt DC input, 
115 volt, 150 VA 
Square wave output 


all-silicon 
rectifier regulator 





PS-1004B standard 
325 volt, 200 ma 
dce-de converter 


Power Sources units are now in 
production missiles 


Complete range of sizes, types and 
capacities for military and com- 
mercial requirements: 


@ DC to AC available in any power up 
to 1500 watts . . . square or sine 
wave output. 


@ AC to DC available with voltages 
up to 500V, and currents to 3 amps 

. DC Regulation to 0.1%... Imped- 
ances to .05 ohms .. . Over-all effi- 
ciencies 70-75%. 


@ DC to DC available in combinations 
of the DC to AC and AC to DC ratings 
shown above. 


®@ Military Reliability is assured by 
extremely conservative designs and 
the use of the best, pretested military 


grade components and advanced 


semiconductor techniques. Meet MIL- 


E-5400 and MIL-E-8189. 
POWER SOURCES, 


inc. 





For more information circle 6 on inquiry card. 













































































FIG. 1. CONTROLS AND INSTRUMENTS in the 
cockpit of the P2V-5 trainer appear and respond like 
those in the actual aircraft. This Operational Flight 
Trainer was jointly developed by the ERCO division 
of AMF Industries, Inc., Riverdale, Md. (Erco Photo) 





FIG. 2. STUDENT PERFORMANCE can be evaluated 
and malfunctions simulated at the instructor's console. 
WAVE training specialists serve as instructors at many 


Naval Air Stations. (Erco Photo) 




























The Author 


Capt. Edwin Cooper Callahan, USN, Com- 
manding Officer, U. S. Naval Training De- 
vice Center, Port Washington, L. I., N. Y., 
is a Texan who received most of his school- 
ing and engineering training in California 
schools and Universities. He has also 
served as assistant director of the Avi- 
onics Division, Bu Aer; as director of the 
Aeronautical Electronics and Electrical 
Laboratory at NADC, Johnsville, Pa.; and 
as Electronics Training Officer, Naval Air 
Technical Training Command. During 
World War II he was Staff Communica- 
tions Officer, Task Force 65 (Air), and as 
Radio Officer on the USS MINNEAPOLIS, 
for which he received official letters of 
commendation for action under fire and 
for his organization of Air Operations 
Communciations at Guadelcanal. 











ENTAL AND PHYSICAL demands on pilots 
MoM. other flight crew members have continually 
increased with the increasing complexity of modern 
aircraft. Each man must attain a higher level of in. 
dividual and team skill than ever before in order to 
complete the assigned mission. To obtain the neces. 
sary training entirely through the use of the aircraft 
itself is both costly and dangerous. In the Navy train. 
ing program, many types of specially designed equip- 
ments, called training devices, are being used to assist 
students in attaining the high proficiency required. 
The Operational Flight Trainers (OFTs) and the 
Weapon Systems Trainers (WSTs) are two types of 
training devices that are highly effective and vital 
tools in this all important training job. 

Device 2F21 (Fig. 1&2) which simulates the cock- 
pit of the long range Navy Patrol Bomber, P2V5, is 
an example of the modern OFTs being developed by 
the Naval Training Device Center in cooperation 
with industry. The lift, gravity, thrust, drag, yaw, 
pitch, and roll characteristics of the specific aircraft 
are built into an analogue computer which in turn 
makes the instruments and controls respond in all 
situations as in the actual aircraft. In addition, all 
navigational aids and basic communication systems 


NAVY FLIGHT TRAINER PROGRAM 


CAPT. EDW. C. CALLAHAN, U.S.N. 


are simulated. Within the cabin of an OFT there is as 
realistic a cabin environment as is possible within 
the present state of the simulation art. 


The Weapon Systems Trainer (WST), for team 
and mission training contains two integrated sections, 
the OFT section and tactics section. All the controls 
for weapons, communications, and electronic counter- 
measures are simulated in this type trainer in addi- 
tion to all flight instruments and controls. The posi- 
tion and equipment used by each member of the flight 
crew is built into the trainer so that entire missions 
can be simulated—take off, navigation to patrol area, 
acquisition of target, attack, ECM and evasive action, 
navigation to home base, and landing. One such 
trainer is Device 2F34 (Fig. 3) which simulates the 
P5M-1 Weapon System. 


OFTs and WSTs offer a number of important ad- 
vantages over operational aircraft in many phases of 
pilot and crew training and indoctrination. Pertinent 
points of trainer advantage include: 

a. The OFTs and WSTs can be used to train flight 


crews with little cost and no danger in operations that 
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FIG. 3. WEAPONS SYS- 
TEMS TRAINERS (WST) 
combine operational 
training for the pilot with 
coordinated team and 
mission training for crew. 


(Official Photograph, U.S. 
Navy] 












































would otherwise be expensive, dangerous and diffi- 
cult to arrange. Such areas of training include emer- 
gency procedures, night fighter interception, incle- 
ment weather flights, and anti-submarine warfare. 

b. In such trainers, it is possible to score results and 
to evaluate student’s performance. It is also possible 
to “Freeze” the problem; to stop the operations of the 
device at any point to note errors. 

c. The OFTs and WSTs can be utilized during pe- 
riods in which aircraft cannot operate on training mis- 
sions because of inclement weather or other hazard- 
ous conditions, The simulator can be used in a traffic- 
free atmosphere. 

d. The OFTs and WSTs require less logistic sup- 
port than an operational aircraft. Manpower, fuel, oil, 
and replacement parts costs are very low compared to 
that of the actual aircraft. 

e. The training conducted in an OFT and WST 
does not injure the equipment. Simulated overheated 
engines, high powered operations, system failures, and 
even crashes can do no harm. Drills in the procedures 
for coping with these emergencies can be repeated as 
frequently as desired without damage to the trainer. 

f. Experimentation with new operational techniques 
becomes practical without risk. 

Possibly the most obvious value of OFTs lies in 
their ability to permit training in dangerous emer- 
gencies, which is impractical in operational training 
because of grave possibility of a crash. Such emer- 
gencies are associated with a gross unbalance of the 
plane, wing or propeller ice, or the loss of one or 
more engines, particularly on takeoff. The saving of 
one loaded transport by a properly trained pilot—co- 


pilot team would pay for a large OFT program. The 
reduced crash rate of well trained pilots, resulting 
from the synthetic training program, is proof of the 
value of the OFT program. 

From the U.S. Naval Training Center’s first elec- 
tronic analogue flight trainer, the 2F1 begun in 1942, 
through its program of the Whirlwind, Typhoon, Cy- 
clone, and Hurricane computer-trainers, the Center 
is proud to be one of the pioneers in the art of simu- 
lation. In this highly specialized art, benefits to mili- 
tary training and to the nation have been cumulative, 
as techniques learned on earlier trainers are applied 
with increasing effectiveness to the simulation of later 
aircraft systems. 


It is interesting to note that the ratio of the cost of 
an operational flight trainer to the cost of the air- 
craft it simulates has steadily decreased as techniques 
of simulation have been developed. This lower rela- 
tive cost has been achieved while increasing the degree 
and quality of simulation and also while providing 
earlier delivery and improved maintainability in the 
final product. Further refinements which are expect- 
ed to result from current Center research include 
the development of a universal digital computer for 
OFTs which will be capable of real-time simulation 
and also adaptable to the aerodynamics character- 
istics of various aircraft, thus opening new opportuni- 
ties for economy in operational training. 

(Additional information on simulated flight trainers 
is contained in 12-page brochure, “The Man-Machine 
Data Link,” Nuclear Products-ERCO Div., Riverdale, 
Md.) 
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FIG. 1. TRANSISTORIZED Radar Simulator, AN/SPS-T2, has same target 
capacity as older device shown at right; is adapted to shipboard installation. 


FIG. 2, RADAR SIMULATOR 15-J-!-E generated six independent targets 
— in all dimensions and speed, furnished inputs to PPI and RHI in- 
icators. 


FIG. 3. NONLINEAR Precision Potentiometer used to simulate electrome- 
chanical system functions is modified "in the field" by special tapping kit. 
(Photo by Technology Inst. Corp., Acton, Mass.) 


FIG. 4. FLEXIBLE PHOTOCELL elements form photosensitive cams having 
infinite variety of characteristics. (Photo by International Rectifier Corp. 


El Segundo, Calif.) 






























Simulator Devices and Techniques Are Varied 


EK ARLY ELECTRONIC training simulators, be- 
cause of their bulk, high cost and their small 
numbers, were found only in land-based training 
centers. This usually made them available only in 
preliminary training or re-training phases to students 
who were ordered to the training center for a certain 
period. These early trainers also lacked much of the 
realistic similitude now possible with more sophisti- 
cated and ingenious devices, and so were of little value 
for the exercising of experienced personnel. 

One result of the trend to miniaturization has been 
the reduction in size and weight of trainers to the 
point that operating ships, and even some aircraft, can 
be equipped with simulators to prevent atrophy of 
operating skills. This is particularly valuable in the 
case of radar pickets and antisubmarine warfare 
units on patrol, in which situation actual targets are 
difficult or impossible to arrange. Simulated sub- 
marine attacks introduced electronically into the CIC 
equipment of such ships enable “all hands” to keep 


their training at peak effectiveness. 

Because the motions of the “target submarines” 
and “friendly forces” are under the control of the in- 
structor, and since the entire action is graphically re- 
corded for later study, such ship-borne ASW trainers 
provide an opportunity for critical and corrective 
analysis that is not provided even by actual combat. 

An illustration of the type of training device 
scheduled for use on operational ships is the radar 
simulator, AN/SPS-T2, (Fig. 1) now being produced 
by Servonics, Inc., of Alexandria, Va., under a $2144 
million BuShips contract. This transistorized device is 
a refined version of the 15-J-1-E (Fig. 2) capable of 
simulating six targets on both PPI and RHI scopes, 
each target being separately and completely con- 
trollable in all dimensions and speed. Simulated tar- 
gets are mixed with real video returns and presented 
directly on operational radar indicators. 

The AN/SPS-T2 trainer also presents a digital read- 
out of target position and speed on its control panel 





in both cartesian and polar coordinates. The reduction 
in size, weight and power requirements which has been 
accomplished through transistorization is readily ap- 
preciated from a comparison of the two equipments. 
The improvement in the operational readiness of our 
fleets CIC personnel which should result from the 
daily availability of such training might well be a 
decisive factor in a sudden war. 


Simulation Techniques 


Realistic appearance of radar and sonar targets 
does not usually rely on synthesis by electronic means 
alone. Optical, ultrasonic and electro-mechanical de- 
vices are freely combined in typical trainers. 

The ultrasonic radar terrain simulator utilizes a 
water-covered scale terrain model of a typical bombing 
objective. The aircraft search radar is simulated by 
a rotating ultrasonic transducer which sends out 
highly-directional pulses through the water, which are 
reflected and picked up by the same transducer. 
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(he transducer is moved in three dimensions with- 
in the tank to simulate motion of the search radar 
plane. The ratio between the speed of sound in water 
an: the speed of electromagnetic impulses in space 
rovides the scale of terrain reduction. This device 
proved valuable during World War II in the training 
of bomber teams who were preparing to fly missions 
into unfamiliar territory. It also provided a tactical 
tool whereby alternate routes and tactics designed to 
evade enemy search radars could be realistically 
planned. A new scale model for each change in area 
is required. 


Non-Linear Function Generators 


Non-linear relationships between various control 
functions and simulated responses are necessary in 
most trainers. These have been electrically simulated 
by using nonlinear potentiometers having a variety of 
taps. Such potentiometers are supplied by a number 
of potentiometer manufacturing, often custom-made 
to the specifications of the trainer designer. The re- 
placement of these special potentiometers, either as a 
result of equipment casualty, or because a modification 
of the response characteristic is desired, is frequently 
time-consuming and expensive. One manufacturer has 
provided a “do-it-yourself” jig and computer (Fig. 3) 
whereby the field engineer can modify stock potenti- 
ometers made by that manufacturer to produce a wide 
range of non-linear characteristics. Another transducer 
which is readily modified for non-linear functions is 
the Perkin-Elmer “Vernistat” which was explained in 
detail in a previous article’, 

Photocells, used with smoked light-wedge cams, have 
been used in many trainers to simulate fluctuations of 
signal, random noise, and other non-linear relation- 
ships. A new application of the photocell technique 
is the Contour Photocell (Fig. 4) just announced by 
the International Rectifier Corp. These specially proc- 
essed, pliable photocells can be shaped around a 
cylindrical or spiral form to form a photo-sensitive 
cam. Readily-modified masks could be used with such 
cells to provide an infinite variety of non-linear 
characteristics, 

Another fundamental attack on the problem of 
achieving flexibility of functional characteristics in 
simulators is by replacing analogue-type computers 
with digital circuits. Whereas a change in an analog 
computer sufficient to simulate a second model of air- 
plane would require the replacement of a number of 
cams or potentiometers, the digital computer would 
make this modification within a few seconds by the 
substitution of a second “program tape”. It is under- 
stood that developments along this line have been 
undertaken. 





“New Component Advances Reliability of Jet Trainers,” 

P 148 July-August 1958 MILITARY AUTOMATION. 

For more information on AN/SPS-T12 Simulator circle 63 on inquiry card, 
For more information on TIC Tapping Kit circle 64 on inquiry card, 
For more information on Contour Photocells circle 65 on inquiry card, 
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Precision Trimmer “Pots” in Military Systems 







FIG. |. PRECISION TRIMMER POTENTIOMETERS 
are commercially available in a wide variety of 
sizes, shapes and mounting arrangements to meet 
the stringent environmental requirements of Mili- 
tary Systems. Typical standard precision trimmers 
manufactured by the Technology Instrument Corp. 
are shown. 





T RIMMER “POTS” are used in virtually every 
electronic equipment manufactured today, and 
in many systems hundreds of these components are re- 
quired. Furthermore, in its basic form it has been used 
in one form or another from the beginnings of the 
electrical industry. 

In recent years, however, a new class of trimmer 
“pots” has come into being to meet the stringent re- 
quirements of military system design. This new class 
is frequently referred to as “precision trimmer pots.” 
The terminology “precision”’ here partially stems from 
the fact that the new trimmers are usually built up 
from precision machined parts, rather than stampings: 
also, it indicates the high reliability, stability and over- 
all performance characteristics of the new class. A 
key feature is that all electrical connections are either 


soldered or welded. 


The precision trimmer “pot” is commercially availa- 
ble in an extraordinarily large range of physical sizes 
and shapes. (Fig. 1, for example, shows a few stand- 
ard types provided by a single manufacturer, Tech- 
nology Instrument Corporation.) This condition has 
been brought about by two factors. First, the develop- 
ment of the precision trimmer “pot” has been spon- 
sored entirely by private industry. Second, no single 
MIL-STD specification exists which may be directly 
applied to the new class. Inevitably, then, different 
manufacturers came up with physically different de- 
signs. 

This situation is not without its advantages, however, 
for it gives the system designer a wide range to choose 


FRED W. ALDRICH, E.E. 


Electrical Design Engineer 
Technology Instrument Corp. 


Trimmer Potentiometers, used in different forms since the be- 





from. He is almost certain to be able to find at least 
one type which suits his application. 


Why Precision Trimmer "Pots"? 

A trimmer “pot” consists basically of an extended 
resistance element and a point contact movable along 
the resistance element. The resistance element may be 
wire wound, metallic film, deposited carbon, composi- 
tion carbon or so-called conductive plastic and is 
usually contained within some form of an enclosure. 
The point contact may be actuated by a variety of 
means including translatory shaft motion, rotary shaft 
motion (either single or multi-turn) or combinations 
of both. 

Basically, trimmers function as calibrating or com- 
pensating devices by providing precise control of volt- 
age, current or resistance. They permit the use of 
looser tolerances in other components which, in turn, 
affords equipment economy with no sacrifice in 
precision. In fact, trimmer “pots” frequently permit 
a higher degree of precision than could otherwise be 
obtained. 

Precision trimmer “pots” are designed to perform 
their function reliably while being subjected to the 
adverse environmental conditions imposed by mili- 
tary equipment operation. To achieve maximum sta- 
bility and reliability, special attention is given to each 
component part of the precision trimmer. Further, 
the design provides maximum isolation of the re- 
sistance element from the environment in which it 
must operate. 


ginnings of the electrical industry, today appear as “precision 
trimmer pots” in military electro-mechanical systems. Under pres- 
ent MIL-specs, the system designer can choose from a wide range 
of types. This article provides design information to assist him 
in making his selection and in drawing up trimmer specifications. 


Precision machined metal parts provide dimensional 
stability over a wide temperature range, permit the 
application of higher power due to their heat-dis- 
sipating capacity, and provide close mechanical fits 
for maximum natural sealing. Parts must be plated or 
otherwise suitably protected to permit unrestricted 
operation in corrosive atmospheres. Anodized alumi- 
num’ and non-corrosive stainless steel are the most 
generally used materials. 

Insulating materials must maintain their dielectric 
strength, insulation resistance and dimensional sta- 
bility during operation from —55°C to as high as 
+225°C in some instances. These materials must be 
either naturally moisture resistant or incorporated in- 
to the overall design so as to be little affected by 
moisture since the entire trimmer may be expected 
to perform in 95% to 100% relative humidity. 

The resistance element itself must be highly stable 
under the same conditions. Unquestionably, the most 
stable elements are the wire-wound types using special 
potentiometer wire with very low electrical noise and 
a temperature coefficient of under 20ppm/°C. 

Precious metals are used extensively in current- 
carrying portions of the precision trimmer to provide 
extremely low electrical resistance; to resist the forma- 
tion of noise-producing oxide coatings at high 
temperatures, and to maintain stable dimensions. For 
example, the moving contact is usually Paliney #7, 
a precious metal alloy. Terminals, if used, are silver 
plated and then gold flashed. 


All these elements of design must be integrated into 
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the smallest practical package. All openings must be 
sealed against the entry of foreign particles or mois- 
ture. And finally the entire structure must withstand 
severe Vibrations and high impact shocks. 

Construction details of a typical precision “half- 
inch” trimmer are shown in Fig. 2. 


Design Considerations for Precision Trimmer 

Typical military applications of precision trimmer 
“pots” include those listed in Table 1, particularly 
wherever these functions must be reliably performed 
under extraordinary environmental conditions. The 
designer must consider carefully the desired electrical, 
mechanical and environmental requirements of each 
application when writing his specification for a par- 
ticular trimmer “pot”. 


Electrical Characteristics 
Total Resistance: 


The total resistance required will, of course, de- 
pend on the application. Nearly all trimmers offer 
standard values of resistance between 100 ohms and 
20K ohms. From 20K to 100K, the designer must 
generally choose between wire-wound types and car- 
bon types. Over 100K, the field is dominated by car- 
bon types. There are, of course, some wire-wound 
types available in the “over 100K” region, but caution 
is urged in selecting these types since they generally 
are fabricated with extremely fine resistance wire 
(wire diameters on the order of 0.0005”). Field re- 
ports indicate that mechanical, chemical, and thermal 
stresses can easily break such fine wire, resulting in 
open circuit conditions. 

Table II lists the practical range of resistance values 
for some typical trimmer types. However, proven tech- 
niques exist for extending this range on either end 
by permitting certain compromises. For example, low- 
er resistances can be achieved in the wire-wound types 
with some sacrifice in temperature coefficient through 
the use of precious metal resistance wire. Similarly, 
higher resistances can be achieved by deepening the 
housing to accommodate a larger resistance element. 


Total Resistance Tolerance: 


Normally, the resistance tolerance of a trimmer is of 
little importance. No standard tolerance, as such, exists 
but most manufacturers offers 20%, 10% or 5% as 
standard tolerance. In some applications, a tighter 
tolerance may be needed. 1% can be maintained fairly 
easily in most trimmers at slight additional cost. Below 
this, however, the cost factor begins to rise quite 
rapidly. Refer to Table II for standard tolerances. 


Linearity: 

By its very nature, a trimmer is not expected to be 
accurately linear. Generally rated at a nominal line- 
arity of 5%, tighter tolerances or non-linear tapers 
are provided whenever required on special order at 
some additional cost. 
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FIG. 2. MINIATURE TRIMMER "POT" construction of typical "half-inch" sealed rotary type trim- 


mer is shown. 


Resolution: 


Without question, resolution is one of the most im- 
portant characteristics of a trimmer. It it of particular 
interest in wire-wound trimmers where a finite num- 
ber of wire turns limits the resistance values that may 
be set. Thus, in a wire-wound trimmer of total resist- 
ance R and total number of turns N, the resistance 
(from slider to one end) will increase in discrete steps 
of value R/N as the moving contact traverses the 
element. It is customary to speak of the resolution of 
such trimmers as 1/N, or in percent resolution 
(100%) /N. Resolution improves either with increase 


in total resistance (because more turns of smaller 
diameter wire are needed) or with increase in the 
length of the resistance element (or the diameter of the 
housing). 

Resistance elements other than wire wound (e.g. 
metal film, conductive plastic, deposited carbon, com- 
position carbon) offer essentially infinite resolution. 
Purists, of course, point out that there is really no 
such things as infinite resolution since, in the final 
analysis, crystal structure or granularity limit the 
electrical resolutions, to say nothing of the limita- 
tions imposed on the mechanical setability of the wiper. 
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TABLE 1. TYPICAL TRIMMER POT APPLICATIONS 
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Fine Adjustment of Null Frequency in 
Twin-T Filter. Nulls at wo == 1/RC. 
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Adjustment of Pot Seal Factor (E:n/360°). If relationship 
desired is Eout == om(Ein/360°); where om is max effective 
angle of pot rotation, trimmer resistance is: 

R. = R,(360° — om)/Gm 




















TABLE Ii. TYPICAL PRECISION TRIMMER CHARACTERISTICS 
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RESISTANCE TEMPERATURE TEMPERATURE 
TVPE BRIEF DESC. RANGE (OHMS) RANGES (°C) COEFF. roa 
p 
RVO5 Wirewound Rotary-single turn 50-50K —55 to +80 0.002%/°C is 
/," dia. Bushing mount + 10% or \ >" 
Internal stops —55 to +145 25 8 is 
TEMP. °C 
P 
RVO09 Wirewound Rotary-single turn 100-100K —55 to +80 0.002%, /°C 2 
¥%,"" dia. Bushing mount + 5% or PNA 
Internal stops —55 to +145 g—to ast 
TPOS Wirewound Rotary-single turn 50-50K —55 to +80 0.002%,/°C SAME 
"dia. Bushing mount + 10% or AS RVOS 
Hi torque No stops —55 to +145 
P 
RWT Wirewound Box type 25-turn 50-25K —55 to +85 0.002%, /°C 4 
lead screw Internal stops + 10% or od 
Metal case Leads —55 to +145 ' ' 
30 es 145” 7 
P 
RFT Metal-film Box type 25-turn 50-25K —55 to +125 0.04%, /°C st 
lead screw Internal stops + 10% MAX, | 
Metal case Leads H 
ead 
RTW Wirewound Box type 25-turn 50-100K —55 to +225 0.004%, /°C 
lead screw Internal stops + 10% 


Plastic case Leads, lugs, or 
printed CK7 legs 











Such arguments are academic, however, since in all 
cases of practical interest the resolution may be con- 
sidered to be infinite in non-wire-wound trimmers. 
1The maximum resolution error can be computed for 
each application of a wire wound trimmer as approxi- 
mately equivalent to K/2N, where K is the ratio 
R,/R, and N is total number of turns of resistance 
wire on the trimmer (Fig. 3). 


Temperature coefficient: 


All resistive materials are temperature dependent. 
This dependency is expressed by the temperature co- 
efficient of resistivity. Table II shows the wire wound 
types to be the most stable in this regard with their 
temperature coefficient of 20 ppm/°C. 

This variation of resistance with ambient tem- 
perature can cause drifting in applications where the 
temperature coefficients of the potentiometer and the 
trimmer are not perfectly matched. The circuit design- 
er will generally be required to estimate the extent to 
which drifting will occur. 

1Drift due to differential temperature coefficient (a) 
can be shown to equal approx. aATnK/N where a = 
ay — a, (Fig. 3) and n/N is the portion of trimmer 
resistance in circuit. 


Power: 


Although their power ratings are generally ade- 
quate, a precision trimmer is not normally considered 
1Ref: “Selecting a Precision Trimmer” by Frank Bradley, 


Consultant, The Ahrendt Instrument Co., in Control 
Engineering, July, 1955. 
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to be a power device. Depending on its construction, 
a precision trimmer may be rated anywhere from 14 
watt up to 6 watts. Metal housing types are used in 
the higher ranges, being better able to conduct heat 
away from the winding and dissipate it into the sur- 
rounding atmosphere than the small plastic types. 

The designer should carefully check under what 
conditions this power rating is to apply. Most manu- 
facturers follow the JAN-R-19 procedure for arriving 
at the nominal power rating. Under this method the 
trimmer is mounted on a metal plate of specified di- 
mension and suspended in still air at 25°C. Power 
is then applied to raise the internal temperature just 
to its safe operating limit, (e.g. 80°C). A measure- 
ment is made of this power (e.g. 6 watts). The po- 
tentiometer is then rated conservatively at only 2 
watts at 25°C to account for more typical mounting 
schemes. Derating for higher temperatures is then 
taken to be linear (e.g. from 2 watts @ 25°C to 0 
watts at 80°C). See Table II for typical power ratings. 

It should be clearly understood that these power 
ratings apply only when the power is being dissipated 
by the entire resistance element. If only a portion 
of the element is carrying current, than the heat dis- 
sipating area is reduced and the power rating should 
also be reduced. Typical derating characteristics are 
shown in Fig. 4. 


Phase Shift: 


Wire wound trimmers begin to introduce measur- 


able phase shift at LOKC. The degree of phase shift 





depends on the resistance of the trimmer as well as 
its construction. It is least significant in the plastic 
housing types. Metallic film types generally are usable 
over a much wider range and in some instances have 
been used out to 1 mc. At the most commonly used 
frequencies of 60 cps, 400 cps and 1000 cps, pliase 
shift in all trimmer types is negligible, generally ‘ess 
than 0.1°. 


Equivalent Noise Resistance: 


The most widely accepted standard of “noise” is 
140 ohms peak with 1 ma drawn through the slider, 
As a standard, it is purely arbitrary. However, the sen. 
sitivities of different circuits to potentiometer noise 
vary greatly from circuit to circuit and in fact this 
value is frequently not known in the design stage. 
Thus, although the standard is arbitrary, it is at least 
a point of departure. 

“Pot” noise is by and large heavily concentrated 
in the high frequencies—up to 100 ke and has an rms 
value on the order of only 10 ohms, In electromechani- 
cal applications, such as servos, very little of the pot 
noise is actually “seen”. 

The general procedure adopted by circuit designers 
is to specify the standard 140 ohms in the design 
stage, subject to change in the breadboard stage, if 
necessary. 

It is significant to point out, however, that in 
wire-wound and metallic film trimmers, the noise is 
dynamic in nature. Static noise is negligible. In other 
words, noise spikes may occur while the wiper is being 
adjusted, but will cease to exist when the wiper is 
fixed in position. 


Mechanical Characteristics 
Overall Size and Shape: 


Precision trimmers are generally available in many 
sizes, shapes, and with a variety of mounting arrange- 
ments (Fig. 1) which must be specified by the system 
designer. 


Single Revolution, Rotary Type: 


The active resistance element of this type trimmer 
covers about 300° to 320° of rotation. Beyond this, 
on either end, are zero-resistance overtravels and then 
a non-conducting gap. If the wiper is permitted to ride 
into the gap, undesirable transients may occur in the 
circuit in which the trimmer is used. Accordingly, the 
designer should check to see that internal stops are 
provided in the trimmer. Many, though not all, manu- 
facturers incorporate such stops as a standard fea 
ture. One word of caution, however; in some trimmert 
types, the location of the stops does not permit the 
wiper to traverse the entire resistance element. Thus 
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there will be substantial end resistance in these trim- 
mes. If this effect is undesirable, the designer should 
spevify “STOPS ON OVERTRAVEL.” Stops in all 
TIC trimmers are so located as to permit the wiper 
to traverse the entire resistance element. 


Box-Type Trimmers: 


In this type of trimmer, there must necessarily be 
stops located at both ends of the mechanical rotation. 
The same caution previously indicated applies—name- 
ly, the designer should make certain the stops do not 
interfere with the travel of the wiper over the full 
resistance element. 


Internal stops in TIC box-type trimmers are speci- 
ally designed to permit the wiper to encompass the 
full resistance element. The TIC stop mechanism also 
incorporates a slip clutch with its slip torque set high 
enough to provide a positive indication that the wiper 
has completed its travel and yet low enough to pre- 
vent damage to the stop itself. 


Shaft Locking: 


To prevent the wiper from moving once it has been 
set, a shaft locking device can be provided. These shaft 
locks (Fig. 5) are standard for the TIC types RV0O5 
and RVO9. They prevent the wiper from being moved 
either accidentally or under shock and vibration. 


In applications where the trimmer requires fre- 
quent adjusting by the equipment operator, the shaft 
locking device is too cumbersome. For these applica- 
tions, TIC has a special HI-TORQUE series of pre- 
cision trimmers. As their name implies, this series has 
a built-in torque device to permit positive position- 
ing without the use of an external shaft locking de- 
vice. The torque in these units is on the order of 4 to 
10 oz.-in. They are especially useful for knob con- 
trolled panel mounting applications. 


Screw-Driver Slot: 


Though obviously an elementary requirement, the 
screw-driver slot is frequently overlooked. Clearly it is 
a necessity when the trimmer is to be mounted in 
areas difficult to reach. 


Leads and Terminals: 


Single-turn rotary trimmers generally are furnished 
with terminals while the box type trimmers are fur- 
nished with leads. However, on special order, nearly 
any type of te.minals including lugs or printed-circuit 
legs can be furnished to meet the designer’s needs. 


Environmental Characteristics 


Reliable performance under environmental ex- 
tremes is the principal reason for the emergence of 
the precision trimmer as a class unto itself. These 
extremes include humidity, shock, vibration, temper- 
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FIG. 3. RESOLUTION of trimmer ’ 
and drift due to temperature co- 
efficient differential between trim- 
mer and potentiometer must be 
calculated for each application, as 


explained in text. housings. 


ature, salt spray, sand, dust, explosive atmospheres, 
etc. Although no single MIL-spec exists on trimmers, 
most large companies use a composite of tests found 


in JAN-R-19, MIL-E-5272A and MIL-STD-202. 


Humidity: 

Perhaps the severest requirement placed on pre- 
cision trimmers is successful operation under condi- 
tions of 95% to 100% relative humidity for extended 
periods of time. Humidity is natural enemy of a trim- 
mer potentiometer. Its effect is to lower the leak- 
age resistance of the potentiometer which will in turn 
result in high voltage breakdown. In general, humidity 
has a deleterious effect on virtually all electrical char- 
acteristics of a trimmer unless suitable precautions 
are taken. 


To guard against degradation due to humidity, the 
exposed parts of the trimmer potentiometer must be 
constructed of non-hydroscopic materials and it must 
be throughly sealed to prevent to the greatest possible 
extent the entry of moisture into the potentiometer it- 
self. Close mechanical fits are employed to provide 
natural sealing. In addition all exposed joints are 
coated with sealing compounds and “O” rings are 
used around the shaft. When properly sealed, a pre- 
cision trimmer will not exhibit any signs of escaping 
air when immersed in water at 90°C. This sealing 
also effectively excludes sand and dust. 


Salt Spray: 

Salt spray is very similar to humidity in its effect 
on insulation resistance and high-voltage breakdown. 
It has the further injurious effect of corroding many 
metals. Accordingly, all exterior surfaces must be 
suitably protected against corrosion. Stainless steel, 
if used, must be passivated. Aluminum should be 
anodized. Brass should be plated. Under conditions of 
both salt spray and humidity, electrolysis may oc- 
cur unless guarded against. The higher resistance 
trimmers are the most susceptible to electrolysis be- 
cause of the fineness of the resistance wire. 


100 
% OF TRIMMER CARRYING CURRENT 


FIG. 4. POWER DERATING curves for 
trimmers used as variable resistors. Curve 
|, for plastic housings; curve 2, for metal 





FIG. 5. SHAFT LOCKING 
device prevents wiper from 
being moved by accident or 
high vibration, once it has 
been set. 


Shock and Vibration: 


The trimmer may be required to withstand impact 
shocks up to 100 G and vibrations at 2000 cycles per 
second with acceleration force of 30 G. To withstand 
these forces, all non-moving parts of the trimmer must 
be rigidly secured in place. Moving parts must be 
made as light as possible and of ductile material so 
as not to fracture or otherwise permanently deform. 


Temperature Tests: 


Temperature ranges encountered in military appli- 
cations are from —55°C to +225°C. Since not all 
requirements go as high as 225°C, precision trimmers 
are made available in three temperature ranges; 80°C, 
145°C, and 225°C; each range requiring particular 
attention to insulating materials. Phenolics, for exam- 
ple, will not withstand continuous operation at 225°C. 

Temperature cycling will reveal any weaknesses in 
mechanical design resulting from thermal stresses in 
the trimmer. Materials of different thermal coeffici- 
ents of expansion in intimate contact may buckle 
or fracture under the stress of temperature cycling 
resulting in a major failure of the trimmer po- 
tentiometer. 


Rotational Life Expectancy: 


A trimmer potentiometer is not normally required 
to have a long rotational life. Usually, it is set to 
the desired value and left there until recalibration is 
required. Thus, the practice has arisen of rating some 
precision trimmers at only 1000 complete traversals of 
the resistance element. Unless very fine wire is em- 
ployed, precision trimmers usually have a life expect- 
ancy well in excess of 1000 cycles up to 1,000,000 
cycles. 


Fungus: 

All materials in a precision trimmer must be treated 
to be non-nutrient to fungus if they are not natu- 
rally so. 


Additional design data on TIC precision trimmer pots is available 
on request. Circle 67 on inquiry card. 
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FIG. |. BACKLASH IN A RACK SYSTEM equals 
distance "A" plus distance "B". 
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FIG. 2. CAREFUL DESIGN OF PRECISION GEAR- 
ING avoids troublesome backlash without the use 
of expensive anti-backlash gears in most applica- 
tions. 
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FIG, 3. CENTER DISTANCE manufacturing toler- 


ances, added to other backlash factors, must not 
exceed maximum permissible backlash. 


BACKLASH IN INSTRUMENTATION GEARING 


The problem of backlash in instrumentation gearing is frequently 
dismissed in handbooks and articles on gearing with only a formula 
and no explanation, or is given an explanation with so many formulas 
that the designer concerned with a typical instrumentation applica- 
tion is confused. The use of "anti-backlash gearing" is an expensive 
solution which is sometimes necessary; however, in many gear trains 
non anti-backlash gears are satisfactory if properly designed. 


ACKLASH is the shortest distance along the 
direction of movement between non-driving 
tooth surfaces of adjacent teeth in mating gears (Fig. 
1). Backlash is very important in instrumentation, 
as it is the rotational error at any component in the 
gear train. This error in radians multiplied by the 
ratio of speeds of the mating gears is the major factor 
in the angular position accuracy of any instrumenta- 
tion system. 

In feedback instrumentation systems (Fig. 2), back- 
lash can cause difficulty in many areas. Two main 
difficulties due to backlash are instability in the feed- 
back loop and error between output elements. In- 
stability occurs: when there is backlash between the 
motor and the feedback element, this causes the gear 
train to have a dead zone where the motor is driving 
and the feedback element is not moving. When the 
backlash becomes larger than the electrical dead zone 
(motor starting voltage) there will be a decided tend- 
ency, depending upon inertia, for the system to be 
constantly hunting for a null position and the feed- 
back loop will be unstable. 

Position error can be introduced when there is more 
than one output element in a feedback loop. Backlash 
between these output elements will cause the output sig- 
nals from the elements to be different and thereby intro- 
duce an error in the system. Another cause of difficulty 
due to backlash is in a two-speed feedback loop. When 


the multi-turn and single-turn elements have backlash 
between them a position error results which reduces 
the nominal effectiveness of the two speed system. 


Factors Contributing to Backlash. 


The main factors involved in backlash which should 
be considered in the design of instrumentation gearing 
are: 

1. Change in center distance due to casting and 
gear plate machining tolerances. 

Change in pitch radius due to gear manufacture. 
Shaft eccentricity. 

Bearing eccentricity. 

Clearance between bore of gear and shaft. 
Eccentricity of bore of gear and P.D. (pitch 
diameter) of gear. 

7. Radial play of bearing. 

8. Fit of bearing on shaft and in housing. 

In instrumentation gearing a condition of backlash 
greater than zero and less than the maximum allowable 
at the mesh is the acceptable range for backlash in the 
mating gears. When there are operating temperature 
characteristics to be taken into account, proper selec- 
tion of materials to prevent binding of the gears or 
excessive backlash is an important consideration. For 
example, with steel gears of 1” P.D. in an aluminum 
housing tested with an operating temperature drop of 
120°F, interference could be avoided by the use of 


Dw fo 


SOL ZWIRN, 


Advance Engineer, Servomechanisms, Inc., 


bearings with a minimum of 0.00033” radial play for 
each bearing. 

This is derived from: 

Coefficient of expansion or contraction of aluminum, 
6.5” x 10-°/°F; and coefficient of steel, 12” x 
10-*/°F. Then subtracting, (12” — 6.5”) x 10-*x 
120°F = 0.00066” possible contraction. The same 
method can also be used for expansion and contraction 
of other combinations of materials and gear sizes. 

Change in center distance due to manufacturing tol- 
erance is the most important factor in backlash; it is 
the only factor that will not give a change in angular 
velocity ratio. Change in center distance can be con- 
trolled by keeping center distance tolerances at the 
proper values so that when added to other backlash 
factors, the sum gives less than the maximum per- 
missible backlash. The second factor in backlash is 
the change in pitch radius due to gear manufacture, 
which in turn is translated into change in center dis- 
tance (Fig. 3). 

The other factors involved in backlash can also be 
translated into change in center distance. 

The formula for backlash between two gears is 2 
tan? ACD, where tan@ is the tangent of the pressure 
angle, (Fig. 4), ACD is the change in center distance 
due to all factors, and the multiplier 2 comes from the 
complete reversal of direction of gears in a system 
with backlash (Fig. 1). 
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radius and not normal to the involutes of the base 
circle of the mating gears, the distance traversed in 
backlash is not exactly the tangent function times 2 


of the separation ACD. However, since the tangent 
function is very close to the actual function and the 
pressure angle changes minutely because of the change 
in center distance, the formula 2 tan A@CD is ac- 


oe AEF, —— — x 
2 a + Y~-,O0l > 


In the involute or generated system, because the FIG. 4. LINEAR BACKLASH BE- GEAR 
movement of mating surfaces is normal to the pitch TWEEN TWO GEARS equals 2 Tan 
6 A C D; is convertible to output a 
backlash in radians by dividing by - 
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the pitch radius and multiplying by grees <sFEF = cae inane - 
the speed ratio between point of ‘ 
ACD. Also the pressure angle is not a constant because backlash and the output shaft. 
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ceptable for all instrumentation gearing. 
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Dimensioning to Reduce Backlash ) one 
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Change in center distance due to manufacturing tol- | é HOLE 


erances must be minimized by keeping center distance 





tolerances at the proper values to give less than the ». ' ee 
e . . . . . . 4 (9) 
maximum permissible backlash. Dimensioning of draw- “? 





ings, to correctly guide the inspection of center dis- 

tances, is another factor in minimizing change in 

center-distance, . 
Referring to Fig. 5, on both gear plates, A and B, 
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the distances X and R are given from banking sur- 





faces to locate hole center No. 1, the starting point for FIG. 5. CONTROL OF TOLERANCES throughproper dimensioning. 


dimensioning the gear centers. In both cases, the gear A. Maximum possible deviation between points 2 
plates have center distances dimensioned with a nomi- and 3 is 0.001". Note center distance tolerances 
nal center to center distance +-0.001” with a -+0.001” as well as coordinate dimensions are specified. 





tolerance. However, on gear plate “A”, the center dis- 
tance between base hole 1 and hole 2; also that be- 
tween hole 2 and hole 3, is specified. Also the shortest 
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B. Where coordinate distances only are specified, 
deviations due to machining error between points 
2 and 3 can total 0.002", within the tolerance 
specified. 


coordinate distances from a reference axis through 
the base hole to the two other hole centers (Y + Z to 
hole 2, and Y to hole 3) are also given. For gear plate 
B, dimension Y is given between hole centers 1 and 2, 
and Y + Z between centers | and 3. In this case the 
dimension R from the horizontal banking surface is 
used to locate all three holes. 

Assuming in each case that the coordinate Y + Z 
is located with a maximum permissible error of 
+0.001”, and that the dimension Y is located with the 
maximum permissible error of —0.001”, method A 
will give a maximum possible deviation between hole 
centers 2 and 3 of only 0.001”, while the opposite devi- 
ations in method B can cause a total deviation of 
0.002” between hole centers 2 and 3. 

In summation, the best method of controlling back- 
lash in instrument gears without introducing unwanted 
ratio error is to hold the pitch radius accurately and 
vary the center distance where necessary. The formula 
for computing linear backlash in a gear mesh is twice 
the tangent of the pressure angle times the change in 
center distance, due to all causes. Since for small 
angles (under 0° 40 min) the tangent is equal within 
five decimal places to the sine, this linear backlash 
can also be considered as an arc on the pitch radius. 
This arc, divided by the pitch radius gives backlash in 
radians; which, when multiplied by the speed ratio be- 
tween point of backlash and the output, gives backlash 
at the output shaft in radians. 











METALLIZED components 
for precision equipment by 


high vacuum deposition. 
Check this list and let us know your 


special requirements; if it can be 


made by high vacuum, we will make 
it. 


ELECTRONICS 
“Metal film resistors, rod and disc 


“Metallized glass attenuator plates, 
per MIL-A-11052A 


Mica resistance elements 


Resistance strips for temperature 
gauges 


M Erosion gauges* 


OPTICAL 
Anti-reflection Lenscote® 


“Front surface mirrors 
“Semi-transparent mirrors 
Density Filters 
Interference films for Infrared 


“Anti-static coatings 





*Metavac Resistance Strip used by 
Naval Research Laboratory on 
Vanguard Satellite to measure ero- 
sion caused by Meteor contact. 


Metavac, Inc. is the best equipped 
and most experienced vacuum coat- 
ing laboratory servicing both the 
Electronic and Optical Industries for 
the past twelve years. Facilities avail- 
able for Research and Development 
work. Ask for brochure on "PRECI- 
SION COMPONENTS BY THE EX- 
PONENTS OF HIGH VACUUM". 


METAVAC, INC. 


45-68 162nd Street 
Flushing 58, New York 
Hickory 5-0400 








For more information circle 11 on inquiry card. 


13 













































FIG. 1. ASSEMBLED low frequency oscillator unit (left), 
ready for encapsulation, has been coated with a resilient 
resin to allow later easy replacement of components. Potted 
unit (right) shows encapsulating material removed with ham- 
mer and chisel for replacement of marginally defective tran- 
sistors. 





FIG. 2. RIGID URETHANE foam shell with soft foam filling 
protects delicate recording instruments carried in missiles. 
Besides its tremendous impact absorbing qualities, the ure- 
thane foam provides buoyancy needed to keep equipment 


afloat for hours if it lands in water. (Photo courtesy E.l. 
DuPont de Nemours & Co.) 








POXY encapsulation, or “potting”, as an effec- 
EK tive method to protect electronic circuitry from 
the effects of vibration, acceleration, humidity, salt 
spray and other detrimental environments is still an 
untried technique with many sub-system and com- 
ponent engineers. Other designers, attracted by the 
method which at first seems deceptively simple, have 
made unsuccessful attempts to encapsulate circuits or 
components without first gaining the necessary ex- 
perience or consulting with experts able to furnish 
experienced guidance. 

However, the benefits of encapsulation are so out- 
standing that they are worth careful study to determine 
the proper approach, choice of the molding method, 
and best selection of epoxy and release agent, so that 
the many advantages of the method can be realized. 
These include increased strength and circuit reliability, 
due to rigid support of all components and leads; 
stabilization of intra-circuit capacitances; increased 
insulation strength for high-altitude, high-voltage cir- 
cuits; and reduction of space requirements. Also potted 
units, unlike oil-filled cases, do not leak! 

Encapsulation has been put to exceptional use by 
the Rho Engineering Company, Los Angeles, and 
others; their high voltage power supplies for radar 
scope operation do not utilize metal cans, and en- 
capsulation prevents internal corona at high altitude. 
The completely encapsulated units use ROSAN inserts 
molded in as the mounting provision, Special non- 
metallic high voltage connectors are used with 30 kilo- 
volt silicone cable. As these connectors are non-metallic 
the possibility of shock or leakage current to ground 
under high humidity conditions is next to impossible. 

One advantage of encapsulation of equipment is that 
this method makes it difficult if not impossible for a 
competitor to determine the circuit or make of com- 
ponents used; yet as will be shown later, the parent 


EDWIN N. KAUFMAN, Consulting Engineer Woodland Hills, Calif. 


company has little difficulty in repairing encapsulated 
circuits. 

An electronic circuit can either be encapsulated in a 
metal can or a plastic case; or can be placed in a mold 
made of metal, glass, or wood and the encapsulating 
material poured around it. The molded circuit is then 
removed from the mold, which may be re-used any 
number of times. The mold method has the advantage 
that, should a part prove defective it may be dug out 
and replaced. Fig. 1 shows both an unencapsulated low 
frequency oscillator (coated with a resilient resin) and 
an encapsulated unit in which two transistors have 
been dug out with a hammer and chisel and replaced. 
In this instance the Beta’s of the transistors were 
marginal and the transistors should have been replaced 
before encapsulation. 

Materials are available to encapsulate anything and 
to operate in ambients from —60°C to as high as 
316°C (600°F). For the best results proper selection 
of the epoxy to fit the equipment and usage environ- 
ment must be made; and, in some cases, precoating 
of the equipment is necessary. 

Epoxies can be obtained that are clear (excellent 
idea for first prototype), gray (for Navy jobs,) black 
and just about any color you wish. The color, however, 
can effect the electrical resistivity of the material seri- 
ously, depending upon the ambient temperature and 
permissible leakage resistivity. In general, at tempera- 
tures of 71° through 85°F, no significant troubles will 
occur; but check with your epoxy manufacturer. 

Epoxies manufactured to Mil-I-16923B are silica 
filled—other typical resins are mica and slate filled; 
foam (lightweight) epoxy is also available. Each has 
its purpose, and for non-military units a mica fill is 
usually recommended. Epoxy can also be made resili- 
ent by the use of the proper hardener, The resilient 
epoxy is excellent for low temperature use although its 
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FIG. 3. POLYURETHANE "K-FOAM" packaging (left) re- 
duces cubage required by other cushioning materials by 
20%; is also non-hygroscopic, requires only 1/16 as much 
desiccant in type Il packaging. 


electrical and mechanical characteristics are not as 
good as the solid epoxy. 

The foam epoxy is excellent where light weight is 
a necessity but it has the “relative” disadvantage of 
about one-sixth the dielectric strength of solid epoxy. 
A urethane foam encapsulation (Fig. 2) is used to 
protect delicate recording instruments from injury 
during reentry of Atlas nose cones. Also a poly- 
urethane formulation, designed for packaging of deli- 
cate instruments for airborne transportation is com- 
pared with other lightweight packaging materials in 
Fig. 3. Called “K-Foam,” it reduces cubage by 20% 
and requires only 1/16th the amount of desiccant be- 
cause it is non-hygroscopic, according to the manu- 
facturer, Henry B. Katz Industries, Inc., Newark 4, 
N. J. 

A number of chemical types of foam encapsulating 
material exist. Typical foam materials are the polyure- 
thanes. These materials are in general more toxic and 
require different techniques from those used with the 
solid epoxies. Typical foam weights are 15 to 39 pounds 
per cubic foot. Foams are available to operate thru tem- 
perature ranges of —100°F to about 500°F and may 
be either flexible or rigid in structure. However, one 
type of foam which is basically an inorganic encapsul- 
ent with physical properties similar to typical ceramics, 
is available for operation to 1000°F. 

In missile applications a relatively long temperature 
time-delay can be obtained with some epoxies. This 
feature can be very valuable in missiles with short 
flight time to avoid malfunctioning by insulating the 
electronic circuitry from the heating effects of high 
skin temperatures. 

Epoxies are available in single component or two 
component systems. The two component system utilizes 
a hardener to be added to the epoxy. Single component 
epoxy systems offer no mixing problem but do have 
the drawback that the epoxy and the mold must be 
heated to a relatively high temperature before pouring. 

The exotherm (heat produced by chemical reaction 


between epoxy and hardener) will depend upon the 
epoxy and hardener selected, It can be made as low as 
room temperature. 

Some important steps in using epoxy follow: In 
selecting the epoxy and hardener, a general purpose 
epoxy with “slow speed” hardener (low exotherm) 
will prove satisfactory for most jobs. Circuits utilizing 
vacuum tubes or delicate parts can first be coated 
with resilient resin by dipping the circuit board in 
the resin. After air-drying over night the resin hardens, 
and the board can be covered wth solid epoxy. Using 
the resilient resin makes it easier to dig out and 
replace components from a circuit board. This resili- 
ent resin is epoxy mixed with a special hardener. 

Mixing of the epoxy and hardener must be thorough- 
ly done; this takes some practice or “art”. Preferably 
mix in glass jars, not paper cups. After mixing, it has 
been our practice to place the epoxy in a vacuum 
chamber for five to thirty minutes; then to pour the 
epoxy into the mold. This can be followed by placing 
the mold in the vacuum chamber, but this is necessary 
only if very high voltages or exceptional dielectric 
strength is required. The unit can be air cured, but 
to obtain the maximum epoxy properties, curing under 
heat is advisable. Using either heat lamps or an oven 
set for 175°F to 200°F for two hours is a typical 
curing schedule; however, it is always advisable to 
follow the epoxy manufacturer’s recommendations. 

It is earnestly recommended that interested persons 
obtain epoxy sample kits which are available from a 
number of sources and some experimentation be under- 
taken to gain a first-hand acquaintance with the “art”. 
Also, a qualified expert’s services should be obtained 
before converting a production line to encapsulation. 


Acknowledgement: Robert Hudson, Chemical Engineer 
Typical sources for materials mentioned: 

Epoxy Patch Adhesive Kit, from Houghton Labs., 
N. Y. For bulletin 7600-2 circle 68 on inquiry card. 

Epocast Trial Encapsulation Kit, from Furane Plastics, 4516 
Brazil St., Los Angeles 39, Calif. Circle 69 for literature. 

For 4-page folder on K-Foam, Henry B. Katz Industries, Inc., 
859 Summer Ave., Newark 4, N. J. Circle 70 for literature. 
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PRESSURE 
TRANSDUCERS 









For Absolute, Differential or Gage Pressures. 
Small Size — Light Weight. 


Withstand 25g to 2000 cps. 
Outputs Linear With Pressure, Air Speed 


Accurately Dependable for Missile and Other 


Airborne Pressure Measurement Applications. 


For complete technical information, write: 


(o7@ 1 BVA 
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364 Glenwood Avenue, Ea: 
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For more information circle 12 on inquiry card. 


DESIGNERS 


for COMPARATIVE AND 
ULTIMATE STRENGTH 
TESTS, ETC 


INSPECTION 


of PARTS AND 
ASSEMBLIES, ETC 


LABORATORY 
TESTING 


of SCREWS 
SOCKETS 
TAPS 
LOCK NUTS 
DRIVING BITS 
HAIR SPRINGS, ETC. 


PRODUCTION 
QUALITY 
CONTROL 


for DELICATE OPERA 
TIONS, ASSEMBLY OF 
FRAGILE MECHANISMS 
OR INSTRUMENTS, FOR 
FASTENERS IN PLASTICS 
AND UGHT METALS. 










Torque Testing 
FIXTURE 


A universal fixture with 1000 
uses. Holds driver in accurate 
alignment; in instrument bear- 
ings. Provides rapid engage- 
ment with test sample...torque 
is applied and measured with 
Sturtevant Torque Wrench. 
Model TTF'4 Capacity 0-200 in. Ibs. 
Model TTF!/2 Capacity 0-150 ft. Ibs. 


Write for Bulletin TF 


pa./STurTEVANT/ Co. 


ADDISON [QUALITY] /LL/NO/S 











For more information circle 13 on inquiry card. 
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Nuclear criticality resulting from the accidental grouping of alarin 
atomic materials and fuels is recognized as a potential hazard a set 
| by the new radiation alarm requirements of Section 70.24, Part satur 
oan ee y or os “ 70, Title 10, Code of Federal Regulations, promulgated 11 Novem- acon 
‘ " ? nage “el t ic Energy Commission. The new radiation ampli 
FIG. |. THE "SENTRON" GAMMA Radiation Alarm Central Unit serving pn sap rid = ae | vd designed to fulfill th i Th 
five sensing stations is designed for continuous operation. Miss Zoe Ferraro alarm sys peng escribe elow Is Cesigned 10 tu = ose require- 
holds an enclosed sensing unit which contains its own radiation source for ments. Applications are forseen aboard nuclear ships, Army Pack- produ 
automatic self-testing. age Reactors, installations in Modern Power and nuclear aircraft. woulc 
syste! 
4 
The 
i, bree CRITICALITY is not caused ex- Materials and Equipment Corporation, Apollo, Pa., device which is referred to as the “Numistor” unit. testin; 
clusively by planned bomb explosions or reactor has invented and developed a new radiation alarm sys- This unit fulfils the requirement that the alarm system any a 
operation. The occurrence of accidental criticality tem being sold under the trade mark, “Sentron”’ (Fig. must not be subject to jamming as a result of any AEC 
at certain activities under the supervision of the 1). This system not only meets the new AEC require- saturation which might occur in a G-M tube. withir 
Atomic Energy Commission has provided evidence that ments but is also outstanding for its many fail-safe occur 
wherever nuclear fuel materials are handled in quanti- features. Self-Testing Method is Realistic feet f 
ty, criticality is a possibility. Accordingly, the new Developed for automatic periodic self-testing opera- The “Sentron” alarm also achieves a high degree A | 
AEC regulations promulgated November 11, 1958 tion, the new radiation alarm sounds an ear-piercing of fail-safe operation through a self-testing feature ble ar 
have tightened the requirements on radiation warning two-tone Klaxon-type horn whenever ambient gamma which periodically exposes each sensing element to either 
equipment to be installed in such areas as may be radiation exceeds about ten mr/hr. It thereby fulfils a critical level of radiation to make certain that its Door 
used to store or fabricate nuclear fuel materials. the AEC requirement that an alarm be sounded for ability to detect radiation is still unimpaired. If any systen 
A leading manufacturer of atomic materials and radiation in the range from five to 20 mr/hr but not part of the equipment fails to function during this test, which 
equipment, who months ago recognized the need for a sounded for any radiation level below that range. or if line power fails at any time, the radiation safety All 
fool-proof alarm system for his own plant, The Nuclear The heart of the “Sentron” system is an ingenious officer is summoned to investigate, and 
“Sent 
is inte 
mome 
v v FIG. 2. "SENTRON" ALARM _[numstorL__| "Sower tube i 
ead = SYSTEM layout. Three sensors and UNIT SUPPLY as hig 
five door lights to indicate con- which 
taminated areas are shown. Mal- sensiti 
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nalled on board in security office. 1000 FEET INPUT 
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(his test is notable in that actual radioactivity, 
sinulating a criticality accident, is used to test the 


enti:e alarm system. The self-testing interval may 


be -et to occur automatically from once every few 
minutes to only once a day—at the users option. 


“Numistor" Unit Makes Alarm Jam-Proof 
~ In the event that a slow, medium or fast rise in 
radiation occurs in the area surrounding a sensing 
station, the current in the G-M tube rises above the 
background level, and the “Numistor” unit sends out 
a signal through a special circuit. 

The details of this clever circuit are not divulged 
pending patent applications, but provide a criticality 
alarm signal whether the counting rate barely exceeds 
a set level or rises to a rate sufficiently high to 
saturate the G-M tube. The “Numistor” unit provides 
a conveniently large signal current requiring minimum 
amplification and having negligible drift. 

The destruction of the sensing station would also 
produce a criticality alarm, while an open circuit 
would be interpreted as a malfunction at the first 
system test period. 


Alarm System is Widely Adaptable— 
Ruggedly Reliable 

The “Sentron” Alarm system provides for five self- 
testing sensing stations, (Fig. 2) with capability for 
any added number operating the same alarm system. 
AEC regulations require that one sensing station be 
within 120 feet of any area where criticality might 
occur. Sensing stations may be located as far as 1000 
feet from the console (Fig. 3). 

A battery provides standby alarm power for audi- 
ble and visual failure signals which would respond to 
either power line failure or a failure in circuitry. 
Door warning lights are also actuated by the “Sentron” 
system to direct personnel away from those areas in 
which high radiation has been detected. 

All components have been developed for ruggedness 
and freedom from adjustments and controls. The 
“Sentron” system has no “On-Off” switch, because it 
is intended to operate continuously for years from the 
moment of its installation. The life of each sensor 
tube is guaranteed for five years use with backgrounds 
as high as 1000 counts per minute, except for damage 
which might be caused by a criticality incident. No 
sensitive relays or electrometer tubes are used, and 
all power-type relays in the system are sealed. 

A low-cost single-channel alarm system, which does 
not incorporate the self-testing feature but uses the 
non-jamming “numistor” circuit, will also be availa- 
ble for applications which may not require all the 
refinements of the regular “Sentron” system. 

The manufacturer also anticipates that the highly 
reliable “Numistor” circuit will also have extensive 
applications in alarms for use with nuclear ships, Army 
Package Power Reactors, nuclear aircraft and in 
shipyards and airports designed to service nuclear 


vessels and aircraft. 


For more information on the ''Sentron"’ Alarm 
circle 71 on inquiry card. 








FIG. 1. COMPONENT, shell, epoxy pellet and 


header assemble into sealed encapsulated unit. 


A NEW, all-epoxy encapsulation system that 

drastically reduces assembly time and reject 
rates on electronic components, and eliminates costly 
experimentation on the assembly line is provided in 
the E-Pak Method developed by Epoxy Products, Inc., 
137 Coit St., Irvington, N. J. The method uses an all- 
epoxy header with embedded lead wires, a cured 
epoxy shell and a pre-metered epoxy pellet. All three 
parts of the system may be custom-designed and 
furnished for particular requirements. 

To assemble an “E-Pak” module you only require 
a component in addition to the three parts of the 
“E-Pak” just named. In Fig. 1 a magnetic component 
is ready for encapsulation. 


Solder First 


To start, the leads on the component or components 
are soldered to the header leads (Fig. 2). Since this 
header is made of epoxy which accommodates to a 
wide range of expansion rates, the metal used for the 
lead wires is not critical, as with glass headers. The 
header won’t split or crack if too much heat is applied. 


and header into shell. 





ing header to shell. 


For more information on “'E-Pak"' encapsulation 
circle 72 on inquiry card. 


FIG. 3. STEP TWO: Assemble, placing metered 


epoxy pellet in shell and inserting component 


FIG. 4. STEP THREE: Pellet melts, flows into, 


around and over component, hermetically seal- 


; ’ ‘. 


FIG. 2. STEP ONE: Solder component leads to 
header leads. 


Quick 3-Step Method Epoxy Encapsulation 


Then Assemble 


Next comes the assembly process. A premetered 
epoxy pellet is dropped into the cured epoxy shell. 
Then the header and the component (s) are placed 
into the shell (Fig. 3). 


And Heat 


Last, the entire package is placed in an oven and 
heated. The pellet automatically melts, gels and cures. 
It flows into, around and over the component, imbed- 
ding it and sealing the header. The shell is now her- 
metically sealed from within to exclude unfriendly 
environments by a chemically-inert material which 
also mechanically supports the component, leads and 
header against damage by shock and vibration (Fig. 
4). 

Where encapsulation is desired without embedment, 
a self-sealing epoxy cover is available. “E-Pak” shells, 
designed for miniature applications, can be obtained 
in diameters up to about three inches. The system is 
readily adapted to the automatic manufacturing pro- 
cedures of most components. 
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Demonstrated Precision 
and Reliability 


“Workhorse” of the world’s airlines, the famed Douglas DC-7 
employs Clarostat Series 42 Precision Potentiometers for flap- 
position indication. This is one more example of Clarostat 
precision, proved under day-in day-out working conditions. 






CLAROSTAT PRECISION POTENTIOMETERS 


*ni.608) + 3 MOUNTING SURFACE 


3/8-32 NEF-2A 














+.0000 
~.0008 
.2490 DIA 











. 3 ae 
STANDARD ~ 8 
BUSHING MOUNTING 


Series 42 


Series 42 potentiometers are wire-wound and offer resistance 
tolerance of +5%, linear or tapered. Closer tolerances on special 
request. They are available in a wide variety of electrical and 
mechanical characteristics to meet application and environmental 
conditions. Standard units are rated at 3 watts @ 40° C., while 
special high-temperature units are available for operation up to 
230° C., with a rating of 0.25 watt. Units may be ganged by means 
of threaded rods and end plates. Switches for limited 

or continuous rotation models are available. 


| SPECIFICATIONS 
Power Rating: 3 watts @ 40° C. 
.25 watt @ 230° C. (high-temperature type) 
Typical Weight: 0.196 Ib. 


Insulation Breakdown Tests: 
Between terminals and ground for 1 minute, 
1000 v.a.c. @ 3.4 Hg. 


Resistance Range: Linear, 1 to 100,000 
ohms Tapered, 350 ohms per degree of rotation. 


Resistance Tolerance: +5%. 
Taps: To requirements. 


Rotation: Mechanical and electrical, 
291°, +3%. Effective, 280° to +3%. 


Torque: 1 to6 oz./in. 














WRITE FOR COMPLETE DETAILS... 
CLAROSTAT MFG. CO., INC., DOVER, NEW HAMPSHIRE. 
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For more information circle 57 on inquiry card. 


18 





Solar Research 


via Stratoscope 
peta and basic solar and astronautical 


research is being quietly accomplished through 

the use of gas-filled balloons, which offer a strange 
contrast to the giant missiles and space vehicles which 
are the center of today’s major news interest. (ne 
such project, Stratoscope I, is a cooperative scientific 
venture under the auspices of the Office of Naval Re- 
search and the direction of Dr. Martin Schwarzschild 
of the Dept. of Astronomy, Princeton University, 
The purpose of the Stratoscope flights is to obtain 
solar telescope pictures with greater clarity and detail 
than can be afforded by any ground-based telescope, 
no matter how large, which must shoot through the 
turbulent and murky atmosphere of the earth. Pictures 
obtained from the first two flights proved the prac- 
ticality of this new astronomical technique, giving 





FIG. 1. STRATOSCOPE | BALLOON rises from 


trailer-mounted launching platform. Stowed tele- 
scope is shown on mobile truck-mounted platform 
in foreground. 





sharp images of the “granulated” surface of the sun. 
“Grains” as small as 150 miles diameter on the sun’s 
surface were distinguished, in comparison with a pre- 
viously observed minimum diameter of 600 miles. The 
improved pointing techniques planned for the 1959 
flights are expected to increase the percentage of per- 
fect pictures and to enable a succession of photographs 
to be made of the same location on the sun. 

The telescope system used in the 1957 Stratoscope | 
flights constituted a payload of 1301 lb. Total gross 
weight of balloon, cargo parachute for recovery, and 
payload was 2072 lb. To lift this to 80,000 feet altitude 
required a polyethylene balloon 200 ft long and a 
diameter of 139 feet. Its volume was 1.092,000 cu ft, 
and the thickness of its fabric only 0.002”. Fig. 1 
shows the dynamic method of launching the balloon. 
A trailer-mounted stationary launching platform is 
used for the balloon, while the truck-mounted mobile 
launching platform carries the payload. In this man- 
ner, the truck “runs to stay under” the balloon, thus 
cancelling its horizontal component of rise to pre 
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vent dragging of the payload at takeoff. The balloon 
rises at a rate of 800’/min, reaching its ceiling in 
approximately one-hundred minutes. 

The automatic telescope pointing system, used in 
1957 depended on two battery-powered counter rotat- 
ing clutches on each of two axes. These clutches were 
controlled by a pair of coarse and a pair of fine photo- 
diode eyes, to locate the sun and hold the telescope 
pointed at the sun. Although this resulted in a number 
of perfect exposures, control by a human observer 
to enable the selection of a particular area of the sun 


was considered essential for the most effective use of | 


the balloon-supported telescope. Consequently the 1959 
version of the Stratoscope I will employ control of the 
telescope pointing from the ground, using a television 
link and control system, on which details are not at 
present available. The Stratoscope I flights are ex- 
pected to be continued as a tool in solar research. 
Stratoscope II, scheduled to fly in 1961, will use a 
36” telescope for night photography of planets, etc. Its 
design study, recently completed by Perkin-Elmer Corp., 
includes a TV link for remote control and pointing. 


For more information on Gen. Mills, Inc., balloons and assoc. services 
circle 73 on reader's inquiry card. 


For more information on Perkin-Elmer Solar Telescope 
circle 74 on reader inquiry card. 


Moldable Carbon-Graphite 


Karak Carbon-Graphite is molded under pressures 
up to 20 T/sq in from a mixture of graphite and other 
forms of carbon with suitable bonding materials. It 
is then furnaced in temperatures up to 5500°F. 

Finished material can be machined to close toler- 
ances, is light in weight with adequate strength; rang- 
ing from transverse strength of 3500 psi to more than 
14,000 psi. Withstands heat up to 750°F in oxidizing 
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1) 1000 2000 3000 4000 5000 6000 °F 
FIG. 1. STRENGTH TO WEIGHT ratios of one 
grade of KARAK compared to values for other 
materials, including sintered alumina. 


atmosphere; up to 6000°F in controlled atmosphere 
(Fig. 1). It also has extreme resistance to thermal 
shock, exceptional resistance to corrosion, is non- 
magnetic; has good electrical conductivity and arc 
resistance. 

Applications include: Mold assemblies; thrust and 
annular bearings, including use in acids; nozzles, 
orifices; plating electrodes; sliding contacts; current 
collector wheels; oil and grease seals; torque con- 
verter seals; pump vanes; steam valve discs; etc.— 
(From 8-page technical data Sheet, The Ohio Carbon 
Co., 12508 Berea Rd., Cleveland 11, Ohio). 


For this literature circle 75 on inquiry card. 
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Doesn't Vernistat thinking belong in your system design too? 


Nonlinear servo system and computer 
inputs are easily adjusted with the 
Vernistat Adjustable Function Genera- 
tor. In addition, the Function Gen- 
erator enables nonlinear system 
characteristics to be corrected with a 
minimum of time and effort. The 
Function Generator, a variation of the 
unique Vernistat a. c. potentiometer, 
can generate mathematical or empiri- 
cal functions, even those with multiple 
slope reversals. The function is dis- 
played graphically on a 6 x 8 inch 





panel which allows for instant visuali- 
zation and adjustment. 

Connected to a 34-pole printed cir- 
cuit switch are 101 voltage levels. Any 
of the 34 poles can be connected to 
any desired voltage level to within 
0.5%. The Generator’s X-axis repre- 
sents shaft position of an interpolat- 
ing Vernistat potentiometer, and the 
Y-axis represents percentage of input 
voltage. 

Linear interpolation between each 
adjacent pair of the 34 selected volt- 


age levels is provided by a Vernistat 
interpolating potentiometer. Mini- 
mum slope of voltage output curve is 
zero, with a 20-volt maximum 
between adjacent poles. Maximum 
output impedance is 130 or 470 ohms. 
Units are designed for operation over 
a wide range of frequencies. 
7 * * 

Write now for full details on 
Vernistat Adjustable Function Gener- 
ators, a. c. potentiometers, and vari- 
able ratio transformers. 


: ® 
Bs vernistat — a new design concept that unites in one compact device the best features of 


both the precision autotransformer and the multiturn potentiometer. 


Perkin-Elmer Gyno. 


For more information circle 14 on inquiry card, 
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FIG. |. MASTER CONTROL UNIT automates 
balloon flight by monitoring altitude, terminating 
flight if 28,000" flight is not reached in 100 min., 
performs timing and switching operations during 
flight, and terminates flight at end of mission. (Pho- 
to by General Mills, Inc.) 





FIG. 2. BAROMETRIC PRESSURE on aneroid cell 
positions pickup on code drum to modulate radio 
transmitter directly in Morse code. (Photo by Gen- 
eral Mills, Inc.) 









Automation and Control of 
High Altitude Balloon Flights 


A LTHOUGH the polyethlene “Skyhook” balloon 
has become a familiar upper air research tool 
in recent years,' no discussion of the automation and 
control of these flights could be attempted without 
some discussion of the role of the contract flight serv- 
ices. With the development of this type of balloon 
with its very high potential payload, it soon became 
apparent that many of the government agencies, uni- 
versities and private research foundations engaging 
in upper air research would be unable to cope with 
the comp'exities of preparing, flying and recovering 
these huge balloons. The contract flight service? of- 
fered by General Mills, Inc., Raven Industries, Inc. 
and Winzen Research, Inc. are an ideal solution to 
these problems. 

The Navy’s “Stratolab”; Air Force “Manhigh” 
flights; the “Stratoscope” camera; Project, “Farside” ; 
rocket launchings and the cosmic ray flights of the 
Naval Research Laboratories and several universities 
are some notably successful flights made under this 
contract system. 

In order to automate and control flights for such a 
wide variety of purposes, extremely versatile control 
units had to be designed. These units had to monitor 
balloon altitudes at all times during the flight; to re- 
move balloon and load train from the air should it 
fail to reach the altitude of 28,000 ft in no more than 
100 minutes as prescribed by the Civil Aeronautics 
Board; perform a number of timing and/or switching 
operations during the sampling phase of the flight and 
finally to terminate the flight in order that the 
instrument package should reach the ground at a rela- 
tively predetermined time. 


A typical control unit of this type is shown in Fig. 
1. The design of the small dc motors in these units is 
extremely critical in that failure in any way on their 
part would destroy the usefulness of the flight. These 
motors and motor driven timers are, therefore, de- 
signed for utmost reliability combined with smallest 
size, weight and power drain. Governed versions of 
these motors are used in similar applications where a 





JOHN S. BEACH 


Brailsford & Co., Inc. 
Rye, N. Y. 


mechanical or a timing cycle must be maintained in 
spite of the decreasing battery supply of a prolonged 
flight. 

Because the state-of-the-art of balloon manufac- 
ture has reached a very high level, failures on the part 
of this component are comparatively rare. However, 
provision must be made in the control unit to terminate 
the flight should the balloon fail to reach an altitude 
of 28,000 ft in less than 100 minutes. 

This is accomplished through a device which com- 
bines a motor-driven timer with an aneroid device 
similar to the standard radio-sonde baroswitch. This 
timer may often be conveniently combined with the 
flight termination switch, as will be mentioned later in 
this article, 


Altitude Monitoring 


The success of many flights depends on knowing 
the altitude of the balloon at any time. This is par- 
ticularly important in studies relating to cosmic ray 
count as well as work with ozone or similar atmos- 
pheric phenomena. Several pressure telemetering 
systems lend themselves to this application. 

1. Olland Cycle Modulator: The familiar Olland 
Cycle Modulator is an aneroid cell actuated device 
which keys a radio transmitter at intervals that are 
a chronometric function of ambient pressure. It is 
interesting to note that the early radiosonde de- 
veloped by the Blue Hill Observatory of Harvard 
University in the middle 1930’s employed such a 
telemetering system. 

2. Code Transmitting Modulator: In this device an 
aneroid cell actuated pickup is positioned as 4 
function of barometric pressure on either a code 

drum as shown in Fig. 2 or on a special phonograph 

type code disc as used in the AN/AMT-3 Radio- 
sonde*. While this device does not have the resolu- 
tion of the Olland Cycle Modulator, it does not 
require the rather complex recording apparatus 
required by the Olland Cycle device, as it transmits 
directly in Morse code. 
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FIG. 3. TIMER-SWITCH UNIT combines 100-min- 
ute timer, two auxiliary switches and flight termina- 
tion switch. (Photo by Brailsford & Co., Inc.) 


Constant Pressure Level Control 


During the latter stages of World War II, Japanese 
ingenuity sought to develop an unmanned aircraft 
capable of delivering incendiary bombs to the west 
coast of the United States. The result of this was the 
development of what is now known as the constant 
pressure level balloon*; that is, a non-extensible 
balloon whose control apparatus permits it to maintain 
flight at a given pressure level, drifting with the pre- 
vailing winds incident to that particular level. In the 
case of the Japanese device, it was a simple oiled silk 
or treated paper balloon whose instrument or bomb 
package carried a simple baroswitch which would drop 
sandbag ballast if the balloon should sink below a 
certain level and a simple pressure relief valve to 
prevent a super-pressure of gas from rupturing the 
bag should its altitude become too great. These simple 
techniques, combined with the modern technology 
of plastic balloon manufacture, have produced a bal- 
loon assembly capable of remaining aloft at a relatively 
constant pressure level over a period up to one week. 

The most notable apparatus of this type is the 
Transosonde®. This device is basically a long range 
radiosonde measuring the same elements of tempera- 
ture, pressure and humidity as well as providing wind 
direction and velocity through being tracked on radio 
direction finders during the course of its flight. 

One of the most successful was the General Mills, 
Inc. Transosonde Flight #966 of April 24, 1953, being 
launched in Minneapolis, Minnesota and terminating 
off the North African coast some four days later. A 
typical control unit for this type of flight combines 
the functions of the master control assembly shown in 
Fig. 1 with a device to release ballast, usually finely 
powdered steel shot, when the balloon descends below 
its preset level and a device to valve helium or to pump 
air into the balloon should it be necessary to decrease 
its buoyancy. Often a low current de motor-operated 
linear actuator, commonly referred to as a ballast 
integrator, may be combined into the previously 
described AN/AMT-3 modulator. This motor is in 
the ballast release circuit and operates the actuator 
during ballast release to position a pickup previously 


~ 


used for humidity transmission in the stock unit, there- 
by giving an indication of the periods of ballast re- 
lease as well as the amount of ballast remaining in the 
hopper. The same 100 minute flight termination timer 
shown in Fig. 3 is ideally suited to constant pressure 
level flights. 


Flight Termination 


Although a majority of balloon flights are followed 
by plane or helicopter, as well as ground crews, a set 
termination time must be established in order to safely 
predict the landing area of the balloon as dictated by 
local weather conditions at the time of launching. 

The timer, shown in Fig. 3, is a convenient solution 
to this problem; combining as it does, the 100 minute 
timer with two auxiliary switching circuits plus an 
adjustable flight termination switch. A large phenolic 
gear, seen at the rear of the timer, rotates at the rate 
of 1/60 rph and may be manually indexed to any 
desired position to operate a switch to valve helium 
from the balloon or to sever the load lines, making 
the return by parachute. Each tooth is the equivalent 
of one hour of flight. 

If the return is made by parachute, provision will 
be made from destruction of the balloon; usually by 
a pyrotechnic device. If the load train is returned to 
the ground with the balloon after valving sufficient 
gas to decrease its buoyancy, contact with the ground 
operates a switeh severing all but one of the balloon’s 
load lines. The final line is attached to a rip panel 
going the height of the balloon. Upon release of the 
other lines, the balloon, freed from the weight of the 
train, rises quickly. The restraining rip panel line 
opens the side of the balloon, causing its rapid de- 
flation. 

The “Skyhook” balloon, controlled by these devices, 
seems destined to have a long life in the field of upper 
air research, wherever a relatively stable platform is 
required at a fixed altitude for long periods of time. 
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For additional information on Brailsford timers circle 76 
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You can process a 100-foot roll of neg- 
ative film “from shooting to screening” 
in just 20 minutes with Fairchild’s new 
“Mini-Rapid 16” Processor. No dark- 
room needed. 

Here’s a service never before possi- 
ble — commercial quality processing of 
16mm film for immediate viewing. For 
a demonstration of the Fairchild “Mini- 
Rapid 16” right in your plant or office, 
write Industrial Camera Division, 
Dept. 12, Fairchild Camera and Instru- 
ment Corp., 5 Aerial Way, Syosset, 
Long Island, N. Y. West Coast Office: 
6111 E. Washington Blvd., Los 
Angeles, Calif. 
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For more information circle 15 on inquiry card. 
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Switch/Transducer for aircraft, missiles and ground 
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FIG. 1. PRESSURE SWITCH/TRANSDUCER, Hay- we 
don 1500 Series, mounted in optional vibration iso- EGS. Cen Fe tiny 
lator bracket. at 2.< 
FIG. 2. MODULAR DESIGN of Pres- 
sure Switch/Transducer allows inter- +1 
changeability of sensing elements, sETIWG 
loading springs, switches and/or pro- ee 
portional control transducers to cov- FIG. 3. VIBRATION PERFORMANCE test results, Type !500 Pres- 
er a wide variety of system require- sure switch, operation required during vibration within 10 + | psi M 
Modular ments. increasing and within 2!/, psi differential on decreasing pressures. Pap 
rocke 
w signe 
Pressure Switch / Transducer Pyro 
ringt 
Has Wide Adapt ability trical switch. Also, switch calibration and operation “an 
are unaffected by the mounting position. Flexibility solid 
of pressure setting and insensitivity to position are insta! 
not only an advantage in production calibration, but bent 
are also very useful in the development and testing of are s 
systems at varying pressure levels. weld 
gee ipmapercne pare switches and rate sig- number of advantages result. Some of these are: Ac- FIG 
nals are required in increasing numbers in new curacy over a wide temperature range, superior sensi- Optional Features perat 
missiles and high performance aircraft. A new Switch/ tivity to pressure, negligible spring rate or friction, Linear potentiometers and linear variable differen- (A) E 
Transducer unit, which incorporates modular pres- resistance to corrosion, freedom of material selection, tial transformers (LVDT) units in various ranges may Junc 
sure sensor, switch, potentiometer, or differential and extreme overpressure capacity. The modular inter- be substituted for the “on-off” snap-action switch seal 
transformer units to form a compact pressure switch changeability feature also permits the greatest adapt- wherever rate signals are preferred to on-off signals. ~~ 
or transducer (Fig. 1) has been announced by Haydon ability to changing service and design conditions, with In this case, the range of operation is roughly deter- tet 
Switch, Inc., Waterbury 20, Conn. greatest freedom in selection of materials, and ease of mined by the choice of loading spring and the piston or) 
overhaul or disassembly. or diaphragm. The exact positioning of the operating Cold 
Modular Elements Interchangeable range is then adjusted by the loading of the spring I" a 
Designed on a modular basis throughout for pro- Pressure Setting by external adjustment as previously described. Sp 
vision of a wide range of characteristics, sensing ele- Exact pressure requirements are met in the selected The Haydon 1500 Series Pressure Switch/Trans- % 
ments and springs can be selected to cover eight over- switch by an external adjustment. The slotted nut in ducer in standard form senses gage pressure with pcre 
lapping ranges in the complete pressure span of 0.5 the main housing may be rotated in either direction reference to ambient air pressure. Barometric, abso- nt 
to 4,000 psi. When used as a pressure switch, the con- which, in turn, loads or unloads the main spring and lute, and differential pressure configurations will also parti 
struction incorporates a snap-action switch actuated sensing element (Fig. 2). After adjustment to the be furnished. Vibration isolation from 200 cps and insul 
by movement of a diaphragm or piston. A corrosion- correct switch actuation point, the nut is securely up can be optionally provided by the molded insert hood 
resistant diaphragm is employed for pressure settings locked by two set screws. The environmental seal is located between the mounting bracket and the switch other 
up to 800 psi. For higher pressures, a sealed piston ensured by O-rings at each end. housing as shown in Fig. 1. alum 
is used, permitting all the advantages of the diaphragm Overpressures up to 4,500 psi beyond the pressure requ: 
at the lower pressures. setting may be applied to the pressure port without Military Applications Boro 
Because diaphragms and pistons as well as loading causing drift of the actuation point. A metal-to-metal Typical applications for the 1500 Series Pressure _ 
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support equipment are for control of pressures in inlet 


air, compressors, combustion air, fuel systems, and en- | 


gine oil systems. It is also applicable to signal or con- 
trol depth pressures in submarines or torpedoes. In- 
dustrial applications include hydraulic presses, boilers, 
machine tools, air conditioners, etc. Operating media 
include aircraft fuels, water-alcohol solutions, hydro- 
gen peroxide, nitric acid, and others. 

The switch is qualified under the requirements of 
MIL-E-5272A for operation or to withstand ambient 
temperatures from —65° to 250°F, sand and dust, 
explosions, salt spray, fungus, shock and vibration. 
Fig. 3 illustrates operating performance of the switch 
during vibration at up to 2,000 cps at 50 G. Actuation 
remains well within tolerance limits at all times, with 
no flicker at any point during this severe vibration 
test. The switch may be furnished in SPDT, DPDT, 
or SPST (normally-open or normally closed), rated 
at 2.5 amps, 30 v inductive load, at 100,000 ft altitude. 


For more information on Haydon Switch/Transducers 
circle 77 on inquiry card. 


To Take a Missile’s 
Temperature . 


Metalclad thermocouples, conductors, glowplugs 
and miniature heating elements for use in jet engines, 
rocket motors, missiles and atomic reactors are de- 
signed for each specific application, using standard 
Pyrox cables, a product of Pyro Electric, Inc, of Bar- 
rington, Ill., for temperatures to 2300°F and over. 

Supplied in any length required, with one to four 
wires, a densely packed insulation surrounded by a 
solid flexible metal sheath enables Pyrox cables to be 
installed without additional protection, and to be 
bent and formed for easy installation. “Hot” ends 
are supplied to order (Fig. 1), but Pyrox also can be 
welded in the field using standard techniques. 





ry 
FIG. |. "HOT" or Tem- 4 
perature-Sensing Ends. ss ra 
(A) Exposed Welded 
Junction, insulation is EXPOSED JUNCTION 


sealed. (B) Embedded 8 

Junction is welded into > 
sheath. (C) Remote Em- 

bedded Junction is em- EMBEDDED JUNCTION 
bedded in insulation. ¢ 


Cold ends (a) are stripped peepee) 


|" and silicone-sealed. 








REMOTE EMBEDDED JUNCTION 

Standard sheath materials are Inconel, Monel and 
various formulations and types of Stainless Steel but 
materials such as tantalum, titanium, chrome-iron, 
nickel, Hastalloy X, and others can be supplied for 
particular requirements. Standard Pyrox cables are 
insulated with highest purity magnesium oxide in rock- 
hard compaction. For special applications a variety of 
other insulating materials are available, including 
aluminum oxide and zirconium oxide. For the special 
requirements of the nuclear field, Pyrox is supplied 
Boron and Hafnium free. (From 8-page “Pyrox” 
catalog, Pyro Electric, Inc., Dept. 30, P. O. Box 232, 
Barrington, Ill.) 


For this literature circle 78 on inquiry card. 
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SERVO MOTOR SERVO MOTOR MOTOR DC MOTOR LINEAR TRANSMITTER RECEIVER CONTROL DIFFERENTIAL piavieua.| 
Input Power Input Power GENERATOR Output Power TRANSFORMER Accuracy Accuracy TRANSFORMER Accuracy Accuracy 
ELD (total) Generator 4.0 watts Linearity ]’ error max 30° max Accuracy | }° error max 1’ error max 
3.8 watts 5.6 watts Input Voltage No Load Speed 5 Null error spread I’ error max Null Null 
Stall Torque Stall Torque v 20,000 rpm Null E at EZ 30 mv max Torque Gradient Null 10 mv max 10 my max 
15 oz in min 3 07 in min Output Voltage Input Voltage Olby Phase Shift 2200 mg-mm 30 my max Phase Shift Phase Shift 
20 07 in nom No Load Speed 0.13¥ /1000 28v OC Phase Shift 8.5 deg. lead deg Phase Shift 9 deg. lead 11 deg. lead 
Max. Weight 6500 rpm min mpm max 15 deg. lead Input Power 8.5 deg. lead 
29 gms 54 watts 
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MILITARY SYSTEMS AND COMPONENT MANUFACTURERS 


Plan NOW to exhibit at the Fifth International Automation Exposition 
November 16 to 20, 1959, New York Trade Show Building 


The nation's leading “automation” show will again feature your best opportunity to exhibit and to conduct your 
own “clinic” for instructing selected audiences on the fine points of your equipment, components and systems . . . in com- 
plete privacy ... and featuring the equipment itself! 


The Second Military Automation Exposition will meet concurrently and will include Military Technical Sessions 
attracting leading military and scientific personnel from Washington and major military research centers. Whether you 
aim for the industrial instrumentation and process control or Military systems markets, the men who buy and specify will 
attend and be attentive at the Fifth International Automation Exposition. 


Reserve your space for this most powerful selling show of the year. Write for full details and breakdown of at- 
tendance at previous International Automation Expositions. 


Richard Rimbach Associates, Management 


FIFTH INTERNATIONAL AUTOMATION EXPOSITION 
845 Ridge Avenue, Pittsburgh 12, Penna. Phone FAirfax 1-9831 and 1-9832 













































FIG, 1. TYPE 920 REGULATOR for missile and 
other military applications controls outlet pressures 
within 2% to any set value in the 1-5000 psi range 
regardless of fluctuations in supply pressure up to 
50%. Designed to Mil-Specs for air and inert gas 
applications. 





FIG. 2. FLOW VS PRESSURE SETTING character- 
istics of Type 920 Regulator, using single outlet ori- 
fice. Two outlet ports are available to increase flow 


if needed. 
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High-Pressure 


ESIGNED to meet the requirements of MIL- 

C-26037A (USAF) for use with type MC-11 
compressors for pressurizing air and inert gases, a new 
hand-loaded two-stage regulator (Fig. 1) provides 
regulated delivery pressures from 1 to 5000 psi from 
inlet pressures to 6000 psi. A 50% change in inlet pres- 
sures is said to cause less than 2% variation in set de- 
livery pressure. The valve, named the Hoke Type 920 
Regulator, operates over the —40° to 150°F tem- 
perature range, and is a development of Hoke, Inc. 
33 Pierpont Rd., Cresskill, N. J., leading manufacturer 
of smail precision metering valves. 

The superior performance of the new regulator is at- 
tributed to (1) a principle of ballast operation, by 
which the high-pressure gas provides the means for 
pressure reduction; (2), simple single-knob control; 
(3) a feedback principle which speeds regulating 
action; and (4), two pressure reducing stages to keep 
the delivered pressure constant despite wide variations 
in inlet pressure. A special feature also allows gas 
pressure in the main ballast chamber to be reduced by 
bleeding directly to the atmosphere. This is used when 
it is desired not to reduce pressure by allowing gas to 
escape downstream. 

Typical flow rates at low delivery pressures using 
one 14” outlet are shown in Fig. 2. Specified flow 
rates are 30 SCFM at 50 psi delivery pressure and 60 
SCFM at 100 psi delivery pressure. Two outlet ports 
are provided in the event that higher delivery rates 
are required. The new regulator was recently tested 
by a major rocket engine manufacturer, who evaluated 
the regulator as having fast response, excellent sta- 
bility under wide flow and pressure fluctuations, and 
as being simple in construction. 


Loading the High-Pressure Two-Stage Regulator 


Referring to Fig. 3., the drawing shows inlet and 
outlet ports superimposed. These two openings are 
entirely separate, however. High pressure introduced 
at the inlet port “A” is permitted to enter first stage 
cavity “B” thru O-ring seal (1) until such time as 
the force exerted on the first stage diaphragm due to 
incoming pressure overcomes the force exerted by 
the main spring on the opposite side of the diaphragm. 
This occurs when there is approximately 150 psi in the 
first stage cavity. Gas from this cavity flows thru port 


“C” past speed-control valve “D” to bonnet O-ring 
seal (2) and also thru port “E” to second stage O-ring 
seal (3). The speed-control valve meters the flow of 
gas when the set pressure is being approached, pre- 
venting overshoot and ensuring an accurate final pres- 
sure. 

When the handwheel control is rotated clockwise it 
opens bonnet O-ring seal (2), gas is introduced into 
the bonnet cavity and acts upon the second stage 
diaphragm. When the force due to gas pressure on the 
bonnet side of the diaphragm exceeds the forces keep- 
ing O-ring seal (3) closed, this seal opens allowing 
gas from port “E” to escape thru ports “F’” and “G”. 
Port “F” is the delivery port and port “G” is the 
“feed-back” port. Gas is introduced to external sys- 
tems thru port “F” via a needle valve or other suitable 
device. Gas flows thru port “G” down into the back- 
cap cavity, below the first-stage diaphragm. The gas 
introduced into this cavity increases the force on the 
first-stage diaphragm tending to overcome the forces 
closing O-ring seal (1). When this seal opens, more 
gas at higher pressures flows past it, thru ports “C” 
and “E” to effect higher delivery pressures. 

As long as the handwheel remains positioned in a 
clockwise direction, pressure will continue to increase 
and would eventually build up as high as the inlet 
pressure. However, when the delivery pressure has 
reached the desired value, and the handwheel is re- 
leased, the delivered pressure will thereafter remain 
essentially constant at the desired set pressure. 


Reducing Set Delivery Pressure 


In order to reduce delivery pressure, the handwheel 
is rotated in a counter-clockwise direction which per- 
mits O-ring seal (6) to open, and gas under pressure 
in the bonnet passes thru orifices “J” and “G” to the 
delivery side. The outlet valve at this point must be 
open and gas flowing for the pressure in the bonnet 
to be reduced. Obviously, as pressure is lowered in 
the bonnet cavity the forces tending to close O-ring 
seal (3) exceed the force due to pressure in the bonnet 
tending to open it, and this O-ring seal shuts off any 
further flow of gas; the pressure in the delivery cavity 
then drops. Pressure in the back-cap cavity will drop 
when delivery pressure is lowered, because it is directly 
connected to the delivery cavity through port “G.” 
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“Bleed-to-Atmosphere” 
Reduction of Set Pressure 
- If it is desired to reset the pressure of the Type 920 
Regulator to a lower value when the outlet valve is not 
er- ; . 
open and gas is not being used by the down-stream 
ire : ; : 
we system, the handwheel is rotated still further in a 
me counter-clockwise direction until a bleed port (not 
shown in the diagram) is opened to the atmosphere. 
net ee 
: Pressure from the bonnet and the back-cap cavity is 
in ; ; 
a then reduced until the new set pressure is reached. 
B The natural sequence (Fig. 4) of control operations: 
ot eq 8 Pp 
” “Turn clockwise to increase pressure, counter clock- 
J wise to reduce pressure,” is seen as being particularly _ . 
ity a eer beat :; mfg. co., Inc. 
< valuable in military applications where quick and 
i j ° WOODSTOCK, NEW YORK 
tly accurate control of pressures by relatively inex FIG. 4. CONTROL INSTRUC- 0 | 
: perienced operators may be vital. TIONS for Type 920 Regulator are n Canada: The Hoover Co., Ltd., Hamilton, Ont 
For complete characteristics data circle 79 on inquiry card. straightforward and natural. 
For more information circle 17 on inquiry card. 
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MISSILE-RIDING EVENT RECORDER 


ECORDING OF EVENTS is nowhere more im- 
portant than during the flight of an experi- 
mental missile. Many telemetering channels are usually 
devoted to the in-flight transmission of data so that 
this information may guide the development and de- 
sign ot later systems. However, to afford a more com- 
plete record, and to provide a permanent record in the 
event of telemetry casualty, a rugged, miniature event 
recorder providing an on-off record for each of 21 
channels through constant accelerations of 50 G is now 
available (Fig. 1). It is also applicable in the testing 
of torpedoes, where telemetering is not practicable. 

This recorder, designated the Photron Model 820 
G, has been subjected to two-phase shocks in excess 
of 3000 G for 2 milliseconds, and 300 G for 25 
milliseconds. Housed in a rugged aluminum case, it 
is built to survive impact landings and high shock- 
accelerations. 

The model 820-G recorder uses a chart of electro- 
chemical paper 90 ft long, sufficient to record from 90 
seconds to 4 minutes of data at the various chart 
speeds, accomplished by an easily changed set of gears. 
It requires battery power of 28 v, 1 amp dc, to operate 
the governor-controlled chart motor which main- 
tains accurate chart speed despite battery voltage 
variations. Signals may be applied direct to the stylus 
if signal voltage is of sufficient strength (6 to 28 v dc). 
For lower signal levels, each stylus circuit requires 
a sensitive relay to trigger the stylus voltage (Fig. 2). 

The 21 individual styli are mounted in a single 





FIG. |. LIGHT-WEIGHT MODEL 820 G is com- 
pact, uses low-voltage electrochemical recording 
for short-duration: flights. 


Type 
Number of channels 


Recording speeds, 
"Isec 

Chart Capacity, ft 

Type of chart 

Stylus current, ma 

Stylus voltage 

Motor 

Motor power 

Recorder Dimensions 


Weight 


Power Supply 
Constant acceleration 


Shock acceleration 


TABLE |. COMPARATIVE CHARACTERISTICS — PHOTRON 


ON-OFF EVENT RECORDERS 


820 G 820 830 
21 21 2! 
(up to 100 on order} 
4.5, 6, 7.6, 9.6, 12 1, 2,4, 8 1, 3, 6, 12 
90 100 200 
Electrochemical Electrosensitive Electrosensitive 
29 9 9 
6 to 28 vde 300 v ac or de 300 v de or ac 
Governor-controlled Governor-controlled Synchronous 
28 v, dc, | amp 28 v de, | amp 110 v, 60 cps, 5 w. 
334" x 43%," x 7" 3a" x 53%" x 7" 43," x 6'/2" x 10!/." 
5'/2 Ibs 63, Ibs 11/2 Ibs 
Model 21 Model 21 
Not required (4!/2" x 5" x 7" (4'/o" x 5" x 7" 
11'/2 Ibs) 11'/2 Ibs) 
506 50 G not rated 
3000 G for 2 msec 3000 G for 2 msec not rated 


300 G for 25 msec 


300 G for 25 msec 


plastic block to conserve weight and space; however, 
each stylus is individually replaceable. The electro- 
chemical paper does not require developing but should 
be used within three or four hours after loading be- 
cause the markings are dependent on the moisture 
content. It operates over the temperature range of 
0° to 90°C, and so is ideal for short periods and 
short runs such as missile and torpedo work. 


Electro-sensitive Paper Recorders 


Other Photron event recorders which utilize electro- 
sensitive (Teledeltos or Timefax) paper charts are also 
designed for missile use. The model 820 (Fig. 3) pro- 
vides a standard 21 channels on a 100 ft long, 
3 15/32” wide chart. Four speeds, providing running 
times of from 214 to 200 minutes, can be selected 
by changing gears. A stylus voltage of 300 v ac or de 
is required for recording on electro-sensitive paper at 
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FIG. 2. SENSITIVE. RELAY is requried for each 
stylus circuit where signal voltage is less than 
necessary minimum. 





normal speeds. At slow chart speeds a lower voltage 
may be used. However, a separate power supply is re- 
quired for this type of recording. The Model 820 
styli are individually mounted in small plastic blocks 
and are easily replaceable as single units. The entire 
styli assembly tilts to allow easy replacement of the 
chart. Model 820 meets the same operational and 
shock specifications as the model 820 G. 

For applications where a 115-v, 60 cps motor is more 
readily accommodated and where ability to withstand 
high gravity shock accelerations is not required, the 
model 830, which has the same configuration as the 
model 820, permits higher chart speeds and can be ex- 
panded at time of manufacture to accommodate up to 
100 channels. Styli assembly and tilting arrangements 
are identical with those of Model 820. Chart length 
capacity of 200 feet is double that of the 820 or 8206 
models. The 830 model also incorporates a vacuum 
manifold directly back of the styli to remove the fumes 





FIG. 3. ELECTROSENSITIVE RECORDING pprin- 
ciple which burns signal track into chart surface is 
used in Model 820 (missile type, shock resistant] 
and Model 830 (for aircraft and ground bases}- 
Both have external appearance shown here, but 
Model 830 can be furnished with wider chart, up 
to 100 styli. 
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Techron's years of 
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electronics con- 
cerns is your 
assurance of 
superior quality... 
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our reputation in 
reliability and 
service ... 
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81 Washington Street 
Boston 8, Mass. 
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and soot which are caused by the electric burning of 
the chart paper, and which is characteristic of all 
electro-sensitive charts. This model is recommended for 
airborne, laboratory or time operational sequence re- 
cording. 

Characteristics of the three Military type recorders 
are provided in Table I. The Photron Event Recorders 
are a development of the Photron Instrument Co., 
6516 Detroit Ave., Cleveland 2, Ohio, who also supply 
patchboards and trigger systems designed for specific 
applications requirements. All models of events re- 
corders and accessories will be furnished to Mil-specs 
on request. 


For more information on recorder Model 820-G circle 80 on inquiry card. 
For more information on Models 820 and 830 circle 81 on inquiry card. 


Optical Level Indicator 


Application: The Revere Optical Level Indicator, 
which contains no moving parts or relays, incorpo- 
rates a new principle for providing extremely ac- 
curate, fast and reliable indication and control of 
liquid level. Designed for use in water-alcohol mix- 
tures, aviation gas, jet and hydrocarbon fuels, and 
hydraulic and lubrication oils, these units apply elec- 
trical power to indicator lamps, valves, pumps and 
other electrical equipment when the liquid reaches 
a predetermined operating level. 

All moving parts in the Revere Optical Level Indi- 
cator have been eliminated through the use of a 
transistorized circuit and a photoelectric device to 
sense liquid level. Models are available for operation 
on either ascending or descending liquid. 


LIQUID LEVEL 


FIG. 1. DRY PRISM 
reflects internal light. 


FIG. 2. WET PRISM does 


not reflect internal light ray. 


Operation: The detection of liquid level is based 
on the principle of total internal reflection. In the 
“dry” condition (Fig. 1), the light rays strike the 
plane between the prism and the surrounding air and 
are reflected onto the sensitive surface of photocell 
#1. In the “wet” condition (Fig. 2), the light rays 
are not reflected, changing the resistance of photo- 
cell #1. 

Two photocells are used in the probe. A filter be- 
tween the lamp and photocell #2 adjusts the light 
intensity so that the resistances of the two cells are 
approximately equal in the “dry” condition. This 
balanced design eliminates the effects of temperature 
and voltage changes on the system. 

Because the operation of the unit does not depend 
upon the light rays passing through the liquid to 
reach the photocell surface, the unit is not affected 
by contamination, coloring, or transparency of the 
liquid.—_ (From 4-page Engineering Bulletin No. 1065, 
Revere Corp. of America, Wallingford, Conn.) 
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These are the constants in the 
Boehme equation for precision 
products: bold, original design, 
meticulous, resourceful engineer- 
ing, and precision manufacturing 
processes, which combine to form 
the precision electrical, electro-me- 
chanical and electronic products 
we furnish for the needs of this 
modern age of instrumentation 
and automation. Solve your preci- 


sion problems at Boehme. 
ol 





This gear train (300-1 in 6 
steps) is typical of Boehme crafts- 
manship in the production of 
custom-made fine pitch precision 
gears. We have set precision stand- 
ards in gear design and manufac- 
ture since 1917. Whatever your 
needs in custom-made precision 
gears—from 14” to 5” O.D., 180 to 
16 D.P., up to A.G.M.A. Precision 
#3—Let Boehme craftsmanship 
and experience work for you. 

Estimates, based on your blue- 
prints or sketches are submitted 
without obligation. We welcome 
your inquiries. 


H.O. Boehme, inc. 
Contractors, Designers, Manufacturers 
of Precision Electrical, Electro- 
Mechanical and Electronic 

Equipment since 1917 


915 Broadway 
New York 10, N.Y. 
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A MAXIMIZING-Minimizing Bridge has been de- 
signed by Avien, Woodside, N. Y., to sense con- 
tinuously the output of a system’s many transducers 
and to select for measurement the one transducer 
having the highest output. 

In one typical application this device is used to 
monitor the temperatures in three tanks of hydrogen 
peroxide. Here the pilot must know if any one of the 
three gets too hot, because excess temperature is an 
indication of an approaching dangerous condition. 
The Maximizer lets him watch for dangerous con- 
ditions in all three tanks while using only one indica- 
tor. With very simple modifications the single indi- 
cator could as easily monitor six, ten or a dozen tem- 
peratures at as many locations. 


Maximizing Operation 


Maximizing is accomplished by a simple but highly 
reliable static network of semiconductor diodes. In this 
network, changes in diode bias voltage resulting from 
changes in IR drop across the transducers biases off 
all diodes except the one connected to the transducer 
of highest resistance, which will conduct. The servo- 
driven self-balancing Wheatstone Bridge then adjusts 
a rebalance potentiometer (Fig. 1) which also drives 
an indicating pointer to a reading proportional to the 
value of the transducer with maximum resistance. 

Minimizing is optionally accomplished by reversing 
the polarity of the transducer excitation voltages, The 
use of an external polarity switch then permits selec- 


tion of either minimum or maximum indications at 
the will of the user. 


Fail Safe and Test Features 


To prevent any false indication which might result 
from failure of a transducer in the sensing system, 
transducer failure is signalled by an “open” indica. 
tion. 

Transducer failure indication is provided through 
the use of a zener diode in shunt with each transducer. 
Failure of a transducer will impress a relatively high 
voltage across the diode, causing it to conduct. Zener 
diodes have been chosen for low dynamic impedance 
so that only a low signal level will be seen by the 
amplifier, and the rebalance mechanism will drive 
down-scale to the “BULB OPEN” indication. 

Power failure, whether internal or in the external 
wiring, is clearly indicated by means of an “OFF” 
flag visible through a cutout in the indicator dial 
(Fig. 2). 

Proper operation may be tested at any time by 
bringing power at 115 v 400 cps into the indicator 
through an external push-to-test switch. Magnitude 
and phase of the test voltage is such that any bridge 
signal is over-ridden and the pointer is driven to the 
high end of the scale. Removal of the test voltage 
restores the indicator to normal operation. 


Analog and Digital Outputs 


For telemetering, recording, computing and simi- 
lar applications, a second potentiometer or a digital en- 


FIG. 1. SYSTEM BLOCK Diagram shows operation of Maximizing-Minimizing Bridge Circuit. 
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Many Transducers 


coder can be incorporated into the unit, so that it is 
driven by the rebalance system to provide a signal 
output. Such systems can be supplied either with or 
without dials, to suit requirements. 

Synchro repeaters also can be ganged to the re- 
balance system to drive a remote indicator. Also snap 
action or commutator type switches, operated by the 


rebalance mechanism, can be 


warning or for control functions. Typical applications 
of the Avien Maximizing-Minimizing Bridge are shown 
in Fig. 3. (From 4-page Bulletin 135, Maximizing- 
Minimizing Bridge, by Avien, 58-15 Northern Blvd., 


Woodside 77, N. Y. 
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POWER FAILURE INDICATOR 
Legend “‘off’’ appears 
when power is removed 


FIG. 2. BRIDGE INDICATOR pro- 
vides open circuit (Bulb Open), 
and "Power Off" indications 
through window. Entire bridge cir- 
cuit is transistorized, contained in 
cylinder 5!/g" long by 2" dia. 


provided for over-limit 
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FIG. 3. TWO TYPICAL Applications. Many combinations and modifications of func- 
tions are practical, including telemetering and control. 
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BREEZE SLIP RINGS 





BREEZE PRODUCTS: ACTUATORS + HOISTS - 


TRANSMISSIONS 


For military or other critical uses, 
Breeze Slip Rings are custom de- 
signed and built to “perfectionist” 
standards. They offer high perform- 
ance in the most exacting service. 


From 2-ring to 500-ring assemblies 

. . currents as high as 350 amps 
continuous at 220 volts and 700 
amps overload at 220 volts. Special 
high voltage designs .. . 
frequency assemblies ... high speed 
rotation for thermocouple and 
strain gage applications. Also seg- 
mented ring assemblies for ac- 
curate sequencing and timing. 
Consult us or write for literature. 


BREEZE Ge: 
MARK 


CORPORATIONS, 
700 LIBERTY AVE., UNION, N. J. 


radio 


INC. 


* GENERATORS + STARTERS 


STARTER GENERATORS + BELLOWS + SLIP RINGS + HOSE CLAMPS + HITEMP FLEXIBLE TUBING 
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BOOK REVIEWS ... 


FUNDAMENTALS OF AD- 
VANCED MISSILES, 1958, by 
Richard B. Dow, AFOSR, John Wiley 
& Sons, Inc., 440 Fourth Ave., New 
York 16, N. Y., 567 p, 544” x 814”, 
$11.75. Discusses applications of 
basic principles, with numerous equa- 
tions, and with attention to many re- 
search problems. One of Wiley Books 
in Space Technology. 


STRAIN GAGE INSTRUMENTA- 
TION, edited by Milton Aronson and 
Robert C. Nelson. [c1958.] Instru- 


ments Publishing Co., Pittsburgh 12, 
Pa. 104 p. $2.00 814 in. Appeared 
serially in Instruments and Auto- 
mation. Includes strain-gage prin- 
ciples, performance characteristics, 
sensitivity ratings, applications, and 
instruments and accessories. 


ELECTRON TUBES AND SEMI- 
CONDUCTORS, by Joseph J. De- 
France. 1958. Prentice-Hall, Engle- 
wood Cliffs, N. J. 228 p. $8. 914 in. 
Well-illustrated presentation with 
minimum of mathematics. 
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FIG. |. RUGGED SUBMINIATURE me 





Attempts to strengthen the shock resistance of meters of 
conventional design have also impaired the accuracy and 
sensitivity of those systems. Miniaturization also reached a 
limit set by the length of the meter's scale. Now a reduction 
of 50% in panel mounting space with no loss in accuracy but 
with a remarkable increase in ruggedness is provided by the 
new meter described below. 


ter retains scale and high sensitivity 
of larger, more delicate movements of conventional design. 


plications. 



















FIG. 2. CUTAWAY VIEW of 180° 
Scale Subminiature meter move- 
ment for de and rectifier ac ap- 


FIG. 4. RUGGEDIZED standard scale meters are 


available with ac and dc movements. 
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FIG. 3. STANDARD AN two-inch dia cases od 


enclose two 180° scale subminiature movement: 
provide dual indication for related functions, 















FIG. 5. 250° SCALE AIRCRA 


proximately 434". 


Rugged Sub-Min Meter Has Large-Scale Accuracy and Sensitivity 


A METER MOVEMENT which embodies new 
basic principles is credited for the ability of the 
new sub-miniature Hickok Model 72 DC Long-Scale 
meter to measure electrical currents to high accuracy 
while undergoing Mil-Spec tests. All the electrical and 
mechanical requirements of Mil-M-10304A are met, 
while accuracies of +1% of full scale deflection are 
attained despite sub-miniaturization of the meter face 
to a 134” square, and shrinking of the meter move- 
ment to a rugged 1”-dia. 1”’-deep cylinder (Fig. 1). 
The new moving element (Fig. 2) is suspended 
from two bridge supports mounted on the outer pole 
piece which also shields the movement from external 
magnetic influences. An Alnico-V magnet is fixed to 
the outer pole piece and a crescent-shaped core is 
mounted on the magnet to form the inner pole piece. 
The shape of this core is carefully designed to extend 
the scale over 180° instead of the 90° arc commonly 
found in D’Arsonval type meters. New-type jewel-pivot 
systems used to support the moving element are said 
to withstand high impact shocks and vibration without 
affecting the accuracy or functioning of the meter. 
The new sub-miniature element, less than 1” in 
diameter, is not only completely self-shielded but the 
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movement has desirable ballistic characteristics and 
high resistance to shock. A special mold design of 
rubber compound maintains correct movement po- 
sition and protection under shock. The clear plastic 
meter front and barrel are then hermetically sealed as 
a unit to withstand thermal shock-by-immersion tests 
of 0° to 85°C, and to prevent entry of dust, humidity 
and mildew, enemies of sensitive meter movements 
everywhere. Under the high-impact hammer shock test 
these units have successfully withstood shocks to 
1500-2000 G. 

The new movement design also increases the needle 
arc-angle to 180° to provide 1.52” of scale in a 134” 
square face, approximately equivalent to that of a 
214” round meter with a conventional scale. 

The Model 72 Subminiature Long-scale meter is 
available in all standard dc or ac-rectifier ranges 
down to 50 microamperes. This high basic sensitivity, 
coupled with the meter’s accuracy, ruggedness and 
subminiature size should make practical the minia- 
turization of a host of line-servicing and maintenance 
meters which now burden electrical and electronics 
maintenance crews in the Armed Forces. It will also 
allow further miniaturization of military communica- 


tions, aircraft cockpit panels and missile checkout 
equipment. 

Another advantage of the long-scale subminiature 
movement is shown in Fig. 3, where two meters or 
meter-type indicators are enclosed in a single standard 
AN type 2” case. In many applications, as when two 
conditions must quickly be compared, the juxtapo- 
sition of the two indicators will enhance the readability 
of the indication. 

Other instruments developed by the Hickok Electri- 
cal Instrument Co., Cleveland 8, Ohio, to meet military 
specification requirements with aircraft and missile 
applications in view are the ruggedized standard-scale- 
arc round panel meters (Fig. 4), made with dc and 
ac movements; and the new ruggedized 250° long 
scale meters (Fig. 5) in 214”, 314” and 414” round 
cases. Accuracy of the standard-scale-arc instrument 
is +114% standard (1% on special order). The 314” 
250° long-scale meter provides evenly spaced divisions 
over a scale length of 5144”, equivalent to a standard 
6” switchboard meter. Its standard accuracy is +1% 
of full scale, to +14% on special order, and is availa- 
ble in de and ac-rectifier ranges with a maximum 
sensitivity of 50 micro-amperes, full scale deflection. 


For more information on Hickok ruggedized and long-scale meters 
circle 84 on inquiry card. 
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CERAMIC DISC CAPACITORS 
PROMOTE RELIABILITY 


TC (Temperature Compensating) ceramic disc 
capacitors (Fig. 1) are specifically suited for resonant 
circuit application or anywhere high Q and stability 
of capacity characteristics are essential. They are 
characterized by high Q value, high insulation re- 
sistance, a very low aging rate and high dielectric 


strength. 


TEMPERATURE COEFF 


VALUES ARE OBTAINED A 


>RA 


of ap! 


TS (Temperature Stable) ceramic disc capacitors 
are designed for use where a minimum capacitance 
change with temperature is required. These units 
have exceptional temperature stability over the ex- 
tended temperature range of —55°C to 125°C. 
(Fig. 2). 

GP (General Purpose) ceramic disc capacitors are 5-18 +5475 tas +68 
suited for non-critical circuits where Q and stability TEMPERATURE IN DEGREES CESTOR SS) 
of capacitance characteristics are not of major im- FIG. 1. RELIABLE temperature 
portance. Type “GP” units provide very high capac- compensation by Type TC capac- 
ity in relation to size, are after called the “space- itors. 
saving” capacitors. 
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All El-Menco Ceramic Disc Capacitors withstand 
the life test and seal test (thermal cycle and humidity) 
per E. I. A. specification RS-198, are also available in 
two & 1000 wv de and 2000 test volts de per I. E. A. specifi- 
cation RS-165.—(From 6-page folder, “The Ultimate 
in Reliability”, The Electromotive Mfg. Co., Inc., 


Willimantic, Conn.) 









FIG. 2. TEMPERATURE STABIL- 
ITY is feature of Type TS ceramic 
capacitors. 
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-ale- TYPICAL CURVE 
CAPACITANCE CHANGE WITH TEMPERATURE 
FOR TYPE TS CAPACITORS 
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In Miniature Connectors 


... Means U. $. COMPONENTS 
F.B 0.” series 





“THE MOST” features 


The most shock and vibration resistance—*Patented Fioat- 
ing Body Isolation guarantees vibra-shock protection and 
operation by complete separation of electrical contact body 
from mechanical elements. 


The most comprehensive line—Single units have 34-41- 
50-75 contacts. Modular multiple connectors have 123-150- 
225 contacts. Other configurations upon request. 


The most flexibility in body molding compounds—Connector 
bodies can be supplied in asbestos-filled melamine; glass- 
filled alkyd and diallyl phthalates in various compositions 
and colors. 


The most methods of attaching leads—wire solder, solderiess 
or turret-type terminals. 


The most in precision screw lock connectors. 


The most in quality control—ins ion and testing applied 
on a 100% basis. Meet or surpass all applicable MIL speci- 








fications. 
FBI SERIES NUMBER OF CONTACTS 
MI-BSL 
Miniature Screw Lock 34 41 50 75 
























MI-BMSL 

Miniature Modular Screw Lock 123 150 225 
SPECIFICATIONS 
I ois ities sic issicccilcietd otidinabestintiesdandmaaainaiartiete #20 AWG wire 


Voltage breakdown between contacts (with con- 
nector engaged—sea level—normal humidity)........ 2800 V. A.C. RMS 


NIE III, iia kc vasavecessébivensscnasesesavonsieasbooenuneinenes 7.5 amps. 
ee CUD I cviissocicccscesstccnscocvenssosecsiscotensnssscound aluminum anodized 


Also available in Hoodless Knob Type 


U.S. Pat. Nos. 2,761,108; 2,845,603; 2,845,604 
and additional Patents Pending. 


Your specific inquiry will receive immediate attention. 


u. Ss. COMPONENTS, INC. 
Associated with U.S. Tool & Mfg. Co., Inc. 





454-462 East 148th St., New York 55, N. Y. CYpress 2-6525 
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Analog to digital conversion in Nortronics’ Universal Datico 
is accomplished by the ultra-reliable NLS M-24, the transis- 
torized Digital Volt-Ohmmeter that automatically and accur- 
ately measures and displays AC and DC voltages, voltage 
ratio and resistance. 


In Datico, program control is performed by a punched paper 
tape. Test stimuli are automatically controlled by Datico and 
output signals (voltage, voltage ratio, and resistance) from 
the system under test are automatically selected and fed to 
the NLS M-24. The M-24 digitizes the system outputs to 
0.01%, and provides numerical data to the indicator and 
control chassis for distribution to the data recorder, digital 
comparator, and visual display on a special NLS in-line 
readout. 


The tape also establishes the go-no-go limits for comparison 
with the M-24’s digital output. It then directs the system to 
the next channel to be measured. 


NLS —The Digital Voltmeter That Works...And Works. 











Transistorized NLS M-24 Selected for Missile Checkout System 


is %.- OS re LM, 





Operation of the NLS M-24 in this system is completely auto- 


matic . . . the instrument is remotely operable, does not 
require zero setting, and is extremely stable over very long 
time periods. Over-all system speed is not compromised by 
analog to digital conversion time, the M-24 making each 
measurement in just 330 milliseconds. 


The NLS M-24 meets the unusually great reliability de- 
manded of automatic test equipment for modern electronic 
weapons systems. This reliability is assured by transistors, 
mercury-wetted contact relays (rated at 10 billion measure- 
ments), advanced circuit design, and thorough production 
and field testing. 


Proved in the field in a variety of applications, the NLS M-24 
Digital Volt-Ohmmeter is in production and ready to go to 
work for you. Write today for detailed information concern- 
ing this outstanding example of NLS leadership in the devel- 
opment and manufacture of digital instruments. A complete 
catalog of NLS instruments will be sent upon request. 


Originators of the Digital Voltmeter 


non-linear systems, 


* 
BTRCe DEL MAR (San Diego), CALIFORNIA 


..-And Works! 





For more information circle 22 on inquiry card. 











= 
i 
4 Lin 








1/\un | 
| 1 J“ | 


FIG. 1. HEXAGONAL BODY and nuts of new con- 
nector enable easy rewiring of subminiature coaxial 
cables in field using common pocket tools. 


HEX COAX 


N® miniature ‘ConheX’ connectors (Fig. 1) 
are designed to meet severe environmental con- 
ditions such as encountered in missiles, aircraft, com- 
puters, closed-circuit TV and radar, where weight and 
space limitations dictate the use of the new sub-mini- 
ature MIL-Spec cables. They feature a strong clamping 
action, captivated contacts, telescoping insulators, ease 
of assembly and a low VSWR at micro-wave frequen- 
cies, ‘ConheX’ connectors are a development of the 
Sealectro Corporation in Mamaroneck, N. Y. and 
patents are pending. 

‘ConheX’ cable clamp design, as shown in Fig. 2, 
utilizes: (1) A specially molded resilient compound 
gasket which, when compressed by the clamp nut at 
the back of the body, exerts pressure against the 
cable jacket and that section of the braid immediately 
under the jacket; and (2) a metal sleeve which is 
inserted between braid and cable dielectric to hold 
the pressure exerted by the gasket, insuring an ex- 
cellent electrical contact with the braid and preventing 
any deformation of cable dielectric. 

This gasket pressure also insures proper electrical 
contact between the sleeve and the body and guarantees 
a satisfactory resistance to pull out strain on the 
cable. Captivated contacts insure proper engagement 
with mating parts, particularly important when making 
up short cable assemblies. Telescoping insulators pro- 
vide a long leakage path reducing any tendency for 
flash overs. 

The hexagonal-shaped nuts and bodies permit the 
use of common and generally available pocket tools 
for wiring and rewiring on the job anywhere, greatly 
simplifying the task of the installer or maintenance 
man. 

Provision for soldering of the center contact to the 
center conductor of the cable provides reliable contact 
at this important point. Also, firm positive contacts 
on both braid and inner conductor, without deforma- 
tion of the dielectric brings a new degree of reliability 
to that sector of electronic system design that had been 
particularly vulnerable in the past. All metal parts are 
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WHER CONDUCTOR and BRAID CABLE 
cae ACKET 
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FIG. 2. SUB-MINIATURE DESIGN provides high 
pullout strength with positive electrical contacts 
and no deformation of cable dielectric. 
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CLAMPING PARTS: Clamp fut, washers, sieeve and male contact 


AEAR 


Type 300! Type 2002 Type 2003 ss Nype 3004 )=—* ss‘ Type 3005 
Cable jack Bulkheod Recepteck Bulkhead Jock Coble Feedthru Right Angle Plug 





Type 3000 
Coble Plug 


FIG. 3. CONHEX CONNECTORS, in 50 and 75 


ohm series, are now available in the six types shown. 


AXICONNECTOR FITS SUB-MIN CABLES 
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machined brass except for the female contacts which 
are beryllium copper, heat treated. Insulators are 
Teflon, and the finish on all metal parts is gold plate 
over copper. 

The new connectors, designed in 50 ohm and 75 
ohm impedance sizes for use with the latest MIL types 
of sub-miniature cables, are suitable for use at micro- 
wave frequencies. Types for the 50 ohm, 3000 series, 
shown in Fig. 3, include the cable plug, cable jack, 
bulkhead receptacle, bulkhead jack, cable feed-thru 


and right angle plug; all of which accept the RG-188/U 
MIL cable and RG-174/U or other cables having simi- 
lar component diameters. 

The 75 ohm series is slightly larger in size than the 
50 ohm connectors but is made in the same types. 
While designed primarily for miniature 75 ohm cables, 
larger than the RG-187/U, they can also be used to 
advantage with subminiature 95 ohm cables such as 
the RG-195/U or other cables having similar com- 
ponent diameters. 





TABLE |. APPLICABILITY OF 'CONHEX' 
SERIES 3000 CONNECTORS WITH 
SUBMINIATURE MIL-CABLES 








° 
oe 3 2 Fs 
28 a 5 =8$ = 
2 ° $ $5 : 
‘e ~% > 20 2 
a. -_ ff 8H 6S 
ao 03 ES SE < 
RG-188/U 0.110" 0.020" 50 ohm Designed for 
RG-187/U 0.110" = =—0.012" 75 ohm ~—_— Used with slight 
mismatch 
RG-196/U —- 0.080" 012" 50 chm = Special clamping 
parts required 
RG-195/U —_ 0.155" 012" 95 ohm — Use with 75 ohm 


series connector 

The applicability of the ‘ConheX’ series 3000 to the 
newest MIL-Spec subminiature cables is shown in 
Table 1. Of the four cable types, the 50 ohm connector 
can be used directly with the RG-188/U and the 
RG-187/U cables. While a slight mismatch may occur 
through the connector when used with the RG-187/U, 
75 ohm cable, it is said to be practically negligible, 
particularly at the lower frequencies, In fact, use of 
50 ohm connectors with this cable was anticipated 
when the cable was designed. The RG-196/U cable 
can also be used with the series 3000 connectors by 
changing the clamping parts which are the clamping 
nut, washers, gasket and sleeve to accommodate the 
difference in diameters of the cable components. 


For detailed ''ConheX" specifications circle 86 on inquiry card. 
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Why Use 


There ought to be something wrong with using 
electro-mechanical devices to perform electronic func- 
tions. Or at least, this seems obvious to many of us 
for whom moving devices are anathema. Also, there 
are several other ways of performing the chopper 
function; and, it is fair to ask, why use choppers 
at all? 

Magnetic modulators, for example, provide prob- 
ably the most reliable substitute, the second harmonic 
type having considerably better zero stability than 
the fundamental type. Fig. 1, compares various 
modulator systems. 
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FIG. 1. NULL STABILITY of various types of modu- 


lator systems under laboratory conditions. 


SIGN @/anuery-February, 1959 





Choppers? 


The chart in Fig. 2, assuming a carrier frequency 
of 400 cps, shows the frequency response limits of 
various modulation methods. 

* * * * * * 

The chart shown in Fig. 1, described the minimum 
practical offset obtainable from a variety of modula- 
tion methods. No such chart can present a full pic- 
ture, obviously there are other limits such as fre- 
quency response, circuit impedance, and temperature 
range. One of these limits was found in Fig. 2. And, 
since these.are minimums, the limits also depend on 
other engineering interpretations. The closest ap- 
proach to chopper stability, the second harmonic 
magnetic modulator, is limited by slow response, 
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FIG. 2. FREQUENCY RESPONSE limits of modu- 


lator systems. 


about 1 to 3 cps; by temperature changes, which give 
poorer stability; and by second harmonics in the 
power source, which causes offset. Airpax makes all 
of these modulation devices. 

The first question is whether or not a chopper is 
needed. Other than modulation of dc, you may want 
to compare two dc signals, to switch radio frequency 
signals, to provide a time sharing method, to stabilize 
another amplifier, to provide a filter circuit, to de- 
modulate or rectify signals, or to sample data. If 
your problem is in the zero frequency region you will 
probably need a chopper if: 


a. You need high impedance circuits, over 1,000 
ohms. 


b. Response time greater than 2-10 cps is required. 

c. Null stability must be better than one millivolt. 

d. Or null stability must be better than several milli- 
volts under wide temperature ranges. 

e. You must have performance over about 85°C. 

f. You are limited by space and weight. 

g. You are limited by your budget. 

h. You have limited power. 

i. Your system is exposed to atomic radiation. 

j. The signal to be modulated has a very wide dy- 


namic range. 

k. Extreme linearity is demanded, as for digital con- 
version. 

]. 5,000 hours life expectancy is sufficient. 


(From 24-page booklet, “The Contact Modulator, Air- 
pax Products Co., Seminole Div., Ft. Lauderdale, 
Fla.). 
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ZOOMAR OPTICS 


FOR COMMERCIAL AND MILITARY APPLICATION 
















REMOTE CONTROLLED LENSES FOR e MARK ti—Dual Range 1:6 


CLOSED CIRCUIT TELEVISION = =F /3.5—22mm to 130mm 
adaptable to all standard ITV vidicon [a F/5.6—35mm to 210mm 
cameras « supplants the turret é 






= MARK IV—F/2 
Zoom Range: 1:4 
F/2—17mm to 70mm 


MARK Vi—Dual Range 1:6 

| =F /3.5—25mm to 150mm 
F/5.6—40mm to 240mm 

¢ High resolution «¢ High contrast 

e High speed * Compact « Light- 
weight « 110 V, AC Control Box 
















Nuclear, Aircraft & 

Missile, Industrial 
Security 
Production and Automation 















FOR: 

LOW LIGHT LEVEL operation of 
Closed Circuit Television + Fits 
all standard ITV cameras 


| ZOOMATAR 
F/1.3 » F = 75mm « “C” mount 
thread 


« High Speed + Sharp « Brilliant 
















TELEPHOTO LENSES for special 
purpose Motion Picture and 
Image Orthicon TV Cameras for 
Research, Design, and Production 
¢ Sharp + Brilliant » Compact 


REFLECTAR - MIRROR—OPTICS 


20” —F /5.6 
25” —F/6.3 
40” —F/8 
80” —F/15 
100” —F /20 
150” —F/25 

























| SUPER STUDIO ZOOMAR 
é (Manual or Remote Control) 
Speed: F/2.8 »* Zoom range: 1:3 
= Focal Length: 242” to 16” 
= Distance Range: 10’ to infinity 


SUPER UNIVERSAL TV ZOOMAR 
(Manual or Remote Control) 
3 Zoom Ranges: 242” to 16” at F/3.9 
4” to 25” at F/5.6 
: 6%” to 40” at F/8 
Focal Length: 242” to 16” 
Distance Range: 20’ to infinity 





ZOOMAR LENSES 
for image Orthicon TV cameras 

















PRECISION INSTRUMENTS FOR 
RESEARCH AND PRODUCTION 


SEI EXPOSURE PHOTOMETER : 
T-METER + OPTICOMETER | 


—— ye_okes 0-4. mamas 





MANUFACTURERS OF HIGH PRECISION. OPTICS 
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FIG. 1. PROTECTION for sensitive wind-tunnel 
pressure transducers is afforded by new Gage Gard 
Jr valve which can be used even in subatmospheric 
pressure applications. 


PRESSURE REGULATING 


(TO REFERENCE PRESSURE) 


BUNA "S" DIAPHRAGM 


(TO PROTECTED SYSTEM) 


(TO SUPPLY PRESSURE) 





SCREW CAP. 





PRESSURE SPRING 





















TRU-SEAL RING 


UPPER SIDE PORT 








LOWER SIDE PORT 









VALVE BODY 
"O" RING 


VALVE PLUG 

















BOTTOM PORT. 








FIG. 2. REFERENCE PRESSURE plus spring pressure 
balances against supply pressure, folding valve 
open. Excessive supply pressure closes valve to pro- 
tect instruments, automatically reopens when safe 
supply pressure is restored. 


Low-Pressure [nstrument Protector 


W IND TUNNEL engineers number among their 


concerns the condition and accuracy of the 
many sensitive detecting and recording devices as- 
sociated with the tunnel instrumentation. Incline man- 
ometers, draft gages and ultra-sensitive low pressure 
transducers are delicate instruments which can be 
damaged or their calibration impaired by too great ex- 
cursions in pressure differential above normal range. 

High pressure instruments have been protected for 
many years by a reliable protective device, called the 
Gage Gard, developed by the Industrial Engineering 
Corporation of Louisville, Ky. However, these devices, 
with cutoff ranges from 10” of water to 9000 lbs 
psig, operate only against the ambient atmospheric 
pressure. In many wind tunnel applications, the 
ambient pressure changes so radically as to make the 
cut-off point of such a valve meaningless. Also, pre- 
vious models did not protect instruments which 
measured sub-atmospheric pressures. 

Designed particularly for low-pressure wind tunnel 
and environmental chamber testing, the new Gage 
Gard Jr. (Fig. 1) is supplied with three ports. The 
bottom port (Fig. 2) is connected to the pressure 
source, the lower side port to the instrument or system 
to be protected, and the top port to a set reference 
pressure. As long as the reference pressure is main- 
tained constant, the Gage Gard Jr. will cut off when 
the supply pressure exceeds the value for which it has 
been Set. When the supply pressure drops 2% below 
the cut-off value, the Gage Gard Jr. valve reopens. 


When the supply pressure against the BUNA-S dia- 
phragm exceeds the reference pressure plus the spring 
tension, the diaphragm rises, raising the valve plug 
until the “O” ring seals against the valve body. 

As an example of a typical application, a Gage Gard 
Jr. is used to protect a pressure transducer having 
a 0-10 psi differential from overrange supply excur- 
sions. The supply pressure is from a test chamber 
which may vary from 10-30 psi absolute. Since the 
lower range of the source pressure is subatmospheric, 
a subatmospheric reference pressure of 10 psia must 
be connected to the top port. If the source pressure 
exceeds 20 psia (or 10 psi differential) the valve 
will close, isolating and protecting the transducer. 

The top port connection may also be used to control 
the cutoff point of the Gage Gard Jr. from a remote 
location as follows: If the Gage Gard is set to cut 
off at 10 psi, and a vacuum of 10” of mercury is ap- 
plied to the top port connection (10” of vacuum 
equals approx. 5 psi), the Gage Gard will cut off at 
5 psig. If 20” of mercury were applied, the Gage Gard 
would cut off at 0 psig. Conversely if a positive pres- 
sure of 10 psi is applied, the Gage Gard cuts off at 
20 psig. 

On applications where the Gage Gard Jr. is always 
used in atmospheric pressure, the top connection is left 
open. 

All Gage Gards operate on the same principle; i.e., 
the pressure from the source on one side of a dia- 
phragm is balanced by the spring and atmospheric 
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TABLE 1. GAGE GARD PROTECTION 
PRESSURE RANGES 


Gage Gard Jr. Gage Gard, GG-| Gage-Gard, GG-2 





psig psig psig 
Cut-off —10 to + 10 20" water' to 5 100 to 300 
Pressure —I5 to + 15 4 to 25 250 to 1200 
Ranges 0 to + 25 5 to 50 1000 to 4000 
0 to + 85 10 to 125 3000 to 9000 
Max Body 300 10,000 (! Except 10,000 
Pressure first range, 
100 psig) 


(or reference) pressure on top of the diaphragm. 
Adjustment of the cut-off point is made by changing 
the spring tension. Over-pressures up to 300 psi can 
be allowed in the Gage Gard Jr. after cut-off. Ranges 
from minus 15 psig to plus 15 psig up to 0 psig to plus 
= 85 psig are available as shown in Table I. Although 
the cut-off pressure will be factory-set at the value 
requested by the customer, the Gage Gard can be 
reset to any value in its range at any time. 
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Photoconductive Detector 
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fe Characteristics 

Kodak Ektron Detectors are specified by a letter- 
numeral combination, e.g. Type N-2. 

The letter indicates response characteristics. Com- 
parison is on basis of response to 500°K radiation, 
chopped at 90 cps. 

RESPONSE OF KODAK EKTRON DETECTORS 
Eflective peak for each type of deposon arbitrarily set at 100 
NOT GENERALLY USED AT 
: ‘ - — WAVELENGTHS BELOW 3, 
> dia. 
pring 
plug Be 
Gard 
i 5 Actval loctors above respome 
aving 


Type N ot 20. = 1800 
, Type Oot 20. - 1300 
-XCUI- Type P ot 225.— 200 
Wye Rar3S.—- «@ 





mber 

e the —_— 

heric, N_ Lead sulfide of maximum response. Time con- 

must stant in the order of 400 to 1000 micro-seconds. 

eoure P_ Lead sulfide with one-quarter the response of 

valve N. Time constant near 100 microseconds. Bet- 

T. ter response than N and O beyond 3 microns 

trol at room temperature. Can be extended to 4 

mote microns by cooling. 

> cut QO Lead sulfide with two-thirds the response of N. 

S ap- Time constant in the order of 200 to 500 micro- 

-uum seconds. 

ff at R_ Lead selenide with time constant characteris- 

Gard tically less than 10 microseconds at 25°C. Re- 

pres: sponse about 3% of N, but useful spectral 

ff at sensitivity extends to 4.5 microns uncooled and 
to 5 microns at —70°C, with time constant in- 
creasing to 10 to 50 microseconds at the low 

— temperature. 

s left 


The numeral indicates physical form.—(From 4- 
pege data Sheet, Kodak Ektron Detector, Military 
i.e., and Special Products Sales, Eastman Kodak Co., 
dia- Rochester 4, N. Y.). 
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Size 11 (R860) 






integrating Tachometers, special types of rate generators, are almost invariably provided in- 
tegrally coupled to a motor. They feature tachometer generators of high output-to-null ratio 
and are temperature stabilized or compensated for highest accuracy integration, rate compu- 
tation, etc. In addition to reducing the in-phase null level toward zero, errors due to tempera- 
ture effects are minimized over a wide ambient range. Linearity, in some cases as low as 
.01%, is usually better than +.1%, while phase shift is 0+1°. For extreme accuracy, models 
with low temperature coefficient drag cups are also available. 


Rate Generators feature high output-to-null ratios and are designed for application as rate 
servos and to provtde damping in very high gain systems. These Kearfott units offer high 
linearity, high output and low inertia and are often integrally coupled to a low inertia motor; 
in this design the in-phase null is virtually reduced to zero. Quadrature null is as low as .25% 
of the 1000 rpm outputs while harmonics seldom exceed .1% of the output at 1000 rpm. 


Damping Tachometers have relatively low output-to-null ratios and are designed primarily 
for damping purposes. They feature extremely low inertia and power consumption, linearity 
which is normally within +.5%, and phase shift within 10° of reference. Kearfott damping 
tachometers are usually integrally coupled to a low inertia motor. 


INTEGRATOR TACHOMETERS 




















(Typical Characteristics) TEMPERATURE 
Size 11 Size 15 Size 18 
; (R860) (1816) " ¢v892) : 
Excitation Voltage (400 cps} ns 15 : geek , 
Volts at 0 rom (RMS) 020 020 ie ; 5 
Volts at 1000 rpm (RMS) ‘275 oe, 2.00 8 
Phase shift at 3600 rpm ee Cen nee ; 
Linearity at 0-3600 rpm .07 05 pa fae ‘ 
Operating Temperature Range —54° + 125° ~54° +- 125°. 54° + 125° 
RATE TACHOMETERS | DAMPING TACHOMETERS 
(Typical Characteristics) FREQUENCY 
Size 15 Size 18 Size 8 Size 10 Size 11 
(R800) (V806) (M824) (P822) (R809) 
Excitation Voltage (400 cps) 115 15 26 WS 15 
Volts at O rpm (RMS) 013 026 015 019 019 
Volts at 1000 rpm (RMS) 3.1 3.0 .234 .450 S$ 
Phase shift at 3600 rom = 4.5° 10° | ig 
Linearity at 0-3600 rpm 25 .25 | 3 3 
Operating Temperature Range —54° + 100° —54° + 125° | —54° + 125° -—54°-+4 125° —S54° + 125° 











INTEGRAL SERVO MOTOR DATA 
(Typical Characteristics) 
































Size 8 Size 10 Size 11 Size 15 Size 18 
No Load Speed (RPM) 5400 6600 5500 8000 8000 
Stall Torque (oz. in.) P| 35 55 45 1.30 
Excitation Voltage (400 cps) 18-40 26-40/20 115-40/20 115-40/20 =115-115/57.5 
Rotor Moment of Inertia (Gm.CM2) 1.3 76 7.7 7.0 35 
Operating Temperature Range —54° + 100° -54°+ 125° -S4°-+4 125° -54°-+ 125° -S4° + 125° 
Unit Weight (incl. tachometer) —oz. 3.1 4.6 9.0 14.0 30 
: | 
Write KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. A 
for A subsidiary of General Precision Equipment Corporation Ke GENERAL 
sameeserd Solmidwest Olfices 23 W, Colendar Ave., La Grange, Il. earfott } precision 
data South Central Office: 6211 Denton Drive, Dallas, Texas COMPANY 
West Coost Office: 253 N. Vinedo Avenue, Pasadena, Calif. 
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Note our name change: 


Formerly THE AIRPAX PRODUCTS COMPANY 





Airpax Ferrac amplifiers are exceptionally stable self- 
contained ferromagnetic computing amplifiers. Frequency 
response extends from DC to an upper limit determined 
by the input circuit. 

Ferrac amplifiers are powered from 115 volt 400 or 
60 CPS sources and are unusually insensitive to fluctuations 
in supply voltage or frequency. Potted for mechanical sta- 
bility and hermetically sealed for environmental protection, 
their life exceeds 10,000 hours. Input (control) windings are 
electrically isolated and the output is insulated from the in- 
put and ground. These features permit signal mixing, phas- 
ing, limiting, integrating and all analog functions necessary 
for automatic control. 

Ferrac type M-943, illustrated, is for use in commercial 
and military airborne control equipment and _ industrial 
automatic controls where extremely stable operation is 
essential. Other Ferracs are available, with rectangular pac- 
kaging, having solder hook terminals and mounting studs. 





AIRPAx 
ELECTRONICS 


OR POR? 


SM14 


SEMINOLE DIVISION, FORT LAUDERDALE, FLORIDA 
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| MINIATURE “VERNISTAT” 


aid New size 11 (1.062” dia) Series 4 


Vernistat potentiometer using same 
&S new principles as larger series, combines 
rm products 


a precision multitapped autotrans- 
PORTABLE TACAN SIMULATOR 














former with a multiturn interpolating 
potentiometer for relating mechanical 
shaft rotation to voltage. Features 





Test instrument Model HLI-119 
simulating Tacan ground beacon sim- 
ulates a signal on any two of 126 
TACAN or DMET channels to pro- 
vide checks of range and bearing 








high input impedance, low maximum 
output impedance, minimum resolu- 
tion of 0.01% and terminal linearity 
of 0.05%. Non-linear versions with 
30-chord accuracy are used in Century 
Series flight simulators.—Perkin- 
Elmer Corp., Norwalk, Conn. 
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NONLINEAR COMPONENT 


New Model FF Function Fitter is 
a self-contained rack-mounted analog 
computing component for the simu- 





operation, coding and decodings, oper- 
ating frequency, peak power and re- 
ceiver sensitivity —H of f man Elec- 
tronics Corp., 3761 S. Hill St., Los 
Angeles 7, Calif. 


For more information circle 90 on inquiry card. 


MULTITURN POTENTIOMETER 


New 25 turn ultra-precision po- 
tentiometer, Model MD 20-25, meets 
or exceeds all critical MIL-specs for 
potentiometers, has linearity up to 
0.0075% and very high resolution. 





lation of arbitrary functions of the 
input voltage. It features 10 straight 
line segments with adjustable tangent 
parabolic rounding, and adjustable 
slopes, break points, and offset.— 
George A. Philbrick Researches, Inc., 
285 Columbus Ave., Boston 16, Mass. 
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PRECISION POTENTIOMETERS 


New Type 757 precision potentiom- 
eters in both linear and nonlinear ap- 
plications, can be ganged in up to 
8-cup combinations, using an exter- 





Available with wire leads or termi- 
nals; bushing or servo mounts.— 
Components Div., Litton Industries, 
Inc., 215 S. Fulton Ave., Mount Ver- 
non, N. Y. 
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SIZE 10 SYNCHRO-RECEIVER 


Precision size 10 meeting MIL-I- 
7057 for indicator applications has 
—55° to 71°C ambient range, 1° 
dynamic test accuracy and 5 seconds 





nal flush clamp band which does not 
increase overall diameter. Standard 
units operate in ambients from —55° 
to 85°C. High temperature versions 
operate under load to 150°C. Detailed 
specifications on request.—Compon- 
ents Div., Fairchild Controls Corp., 
225 Park Ave., Hicksville, L. I., N.Y. 
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damping. Torque gradient, 220 mg- 
mm/°; rotor moment of inertia 2 
gm-cm?; input voltage 26 v, 400 cps; 
output is 11.8 v.—John Oster Mfg. 
Co., 1 Main St., Racine, Wisc. 
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HELICAL POTENTIOMETER 


New Model 1410, a 1-w, 200- to 
25.000-ohm sub-miniature Pot, with 
shaft, front bushing and bearing 
manufactured from corrosion resist- 
ant Nickel Silver (18% Ni), and wip- 
ing contacts fabricated from noble 





* 


metal laminates. Will withstand ac- 
celerations of up to 50 G’s in three 
planes without electrical or mechan- 
ical damage and without wiper devia- 
tion from a set mechanical angle. 
Guaranteed to meet all applicable re- 
quirements of JAN-R-19, JAN-P-13, 
JAN-P-79, JAN-R-38 and to with- 
stand the environmental conditions of 
MIL-E-5400.—S. A. Asquith Co., 427 
W. Chevy Chase Dr., Glendale 4, 
Calif. 
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POTENTIOMETER CHECKER 


New test unit PC-15 consists of 
10-turn master potentiometer, cou- 
pling and phasing unit for poten- 
tiometer under test, drive mechanism 





a 


for potentiometers and recorder 
paper, recorder, trimming facilities 
for zeroing and error, and calibra- 
tion source. Accuracy on 1-turn out- 
put shaft is 0.01%; on 15-turn out- 
put is 0.0083%.—Analogue Controls, 
Inc., 39 Roselle St., Mineola, N. Y. 
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MINIATURE PHOTOCELLS 


New line of photoconductive minia- 
ture cells, sealed in glass or plastic- 
encapsulated, may be soldered direct- 
ly into a circuit without employing 
a heat sink. Consisting of two types, 





polycrystalline cadium sulfide and 
cadmium selenide, thirteen different 
cells cover the visible spectrum and 
beyond, for applications in ambients 
from —50° to 75°C. 10-page brochure 
gives technical characteristics, appli- 
cations.—Clairex Corp., W. 26th St., 
New York, N. Y. 
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SPEED CHANGER KIT 


New Bantam Speed Changer Kit 
provides 29 different ratios—from 
1:1 to 44:1. Housings, bearings, gears, 
and shafts may be used repeatedly. 
Gears are 48 pitch, 20° pressure angle 
spur gears of case-hardened steel. In- 





put and output shafts run in 2 ball 
bearings on each shaft, and counter- 
shafts run in ground needle bearings. 
Ratings: torque—130 in oz max. at 
low-speed shaft; speed—10,000 rpm 
max. at high-speed shaft; and horse- 
power—0.1 hp max. at low-speed 
shaft.—Metron Instrument Co., 432 
Lincoln St., Denver 3, Colo. 


For more information circle 99 on inquiry card. 


HEAVY DUTY DIFFERENTIAL 
TRANSFORMER 


New Linear Variable Differential 
Transformer consists of a shielded 
LVDT potted in an anodized alumi- 





num case for resistance to oil immer- 
sion. Space is provided in case for 
additional components such as tem- 
perature-compensating networks, 
phase-shifting networks, ete— 
Schaevitz Eng., Route 130 & Schaevitz 
Blvd., Pennsauken, N. J. 


For more information circle 100 on inquiry card. 


PRECISION 10-TURN POT 


New Model 870 10-turn precision 
wire wound potentiometer is avail- 
able in ranges from 30 to 750 K ohms 





with a standard linearity tolerance 
of + 0.3%. Also can be provided 
with special non-linear functions com- 
puted to customer’s requirements. As 
many as 91 extra terminals can be 
added to meet specified requirements. 
—Spectrol Electronics Corp., San Ga- 
briel, Calif. 


For more information circle 101 on inquiry card. 








HICKOK EXCLUSIVE 





LONG SCALE 


SUB-MINIATURES 


] ‘barrel ] %accuracy I’ depth 






MODEL 72 
Actual Size 


This unusual instrument develop- 
ment meets all the requirements 
of MIL-M-10304A as applicable, 
and is available in all standard 
DC ranges. 


The completely self-shielded 180 
degree arc-angle movement fea- 
tures a new type pivot with a new 
reinforced jewel holder and other 
construction advantages designed 
to withstand exceptionally high 
impact and vibration without 
impairing the accuracy or func- 
tioning qualities of the meter, 








We invite your inquiry and specification details. 
(Form MSM and Catalog 39 are available at your request.) 


THE HICKOK ELECTRICAL INSTRUMENT CO. 
10519 Dupont Avenue ¢ Cleveland 8, Ohio 








For more information circle 26 on inquiry card. 
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equipment sources 
and selection 


Instruments and Control Systems annual Buyers’ 
Guide lists control equipment, systems, & compo- 
nents available from more than 3,000 manufacturers. 


Subscribé now to Instruments and Control Systems 
(formerly Instruments & Automation) and receive, 
without extra charge, your personal copy of the only 
buying directory serving the instrument-control field. 
The Guide is issued each year (to subscribers only) 
as 300-page separately bound part 2 of October In- 
struments and Control Systems. 


‘ 


Instruments and Control Systems is the one monthly 
magazine that brings you a// the new products, a// 
the new literature, a// the latest instrumentation data 
in more than 2,000 educational pages . . . for only 
$4 a year, Subscribe now. 


Instruments Publishing Co., 845 Ridge Ave., Pittsburgh 12, Pa. 


OK, send me Instruments and Control Systems for one year 
(includes the annual BUYERS’ GUIDE). 


C) My $4 is enclosed. C] Bill me. 





Name 
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Address 


Principal Product of Your Plant 


($4-per-year rate for U. S., U. S. Possessions, and Canada, only.) 
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SIZE 11 MOTOR GENERATOR 


New size 11 Model 11GM152 oper- 
ates between 6 and 200 v, 400 eps. 
No load speed is 6000 rpm with in- 
put of 3.5 watts at 0.053 amp. Out- 
put shafts to customer’s specifica- 


tion. Generator gradient is 0.5 v/1000 
rpm and has a total null of 0.012 v. 
Ampient operating range is —65° to 
200°C. Conforms to BuOrd Spec MIL- 
S-15087.—Servo Dynamics Corp., 
Somersworth, N. H. 


For more information circle 102 on inquiry card. 


DC TACHOMETER GENERATOR 


New dc tachometer generator fea- 
tures guaranteed brushlife of 100,000 
hours continuous operation at 3600 


© ete Fd 





rpm. Linearity to 12,000 rpm is 
better than 0.1% of voltage output 
at 3600 rpm. Special brush materials 
and high-silver alloy commutator are 
used.—Servo-Tek Products Co., 1086 
Goffle Rd., Hawthorne, N. J. 


For more information circle 103 on inquiry card. 


MAGNETIC-TAPE TESTER 


New completely-integrated Data- 
Tape Type 23-203 Test Set comprises 
a group of high-quality basic test in- 
struments principally to carry out 
fast accurate adjustments and meas- 



















urements on the 5-752 Magnetic-Tape 
Recorder/Reproducer, but is also 
suited for use in aircraft flight lines, 
production lines, wind tunnels, test 
stands, or at any location where on- 
the-spot checkout of electronic equip- 
ment is desired—DataTape Div., 
Consolidated Electrodynamics Corp., 
300 North Sierra Madre Villa, Pasa- 
dena, Calif. 





For more information circle 104 on inquiry card. 





- and 


MINIATURE COMPONENTS 


New complete line of precision min- 
iature breadboard components in- 
cludes precision cast and ground 
breadboard plates, shaft hangers, 





shaft collars, shim spacers and gears 
in the fine pitch series (96, 120 and 
200 pitch) with delivery from stock. 
Catalog on request—PIC Design 
Corp., Sub. of Benrus Watch Co., 
Inc., 477 Atlantic Ave., E. Rockaway, 
a a a 


For more information circle 105 on inquiry card. 


SLIP RING ASSEMBLIES 


New low-torque, low-noise slipring 
brush assembly (40 rings, 80 
brushes) typical of large-scale pro- 
duction capabilities, tested less than 
2 mv noise with all circuits in series 
and operated 1000 hrs at 500 rpm 
under —65°F to 300°F extremes. 





Breakaway friction under 75 gm-cm. 
Brochure on request.—Slip Ring Co. 
of America, 5456 W. Washington 
Blvd., Los Angeles 16, Calif. 


For more information circle 106 on inquiry card. 


DIGITAL COMPONENTS 


New set of basic transistorized dig- 
ital computer circuit packages in- 
cludes flip-flops, diode logic boards, 
read amplifiers, write amplifiers, and 









blocking oscillators. Each component 
board contains two identical circuits 
except the logic board, which contains 
2-1, 2-2, 2-3, 1-4, 2-5 function “and” 
gates, and nine “or” gates.—Aeronu- 
tronic Systems, Inc., Computer Div., 
Box MM-486, Newport Beach, Calif. 


For more information circle 107 on inquiry card. 





















100-SECOND PROGRAMMER & wich 
New transistorized digital tim New 
for rocket test or missile checkoy MM ject, « 





covers the range from 0 to 190 g. 
onds in one-millisecond incremeny 
Five START-STOP sections wig 
millisecond resolution control 5-any 
power transistor switches having ley 
than 0.2 ohms impedance switche; 
Five other sections with 1/10 g& 
resolution control 10-ampere DpPg7 
relay switches with ON time accuray 
to 1 msec.—Navigation Compute 
Corp., 1621 Snyder Ave., Philadelphiy 
45, Pa. 


For more informaticn circle 108 on inquiry car 


PAM TELEMETRY 
COMMUTATOR 


Three-pole motor-driven telemeter. 
ing commutator for PAM systems j 
adaptable to either airborne or groun 
gating. Each of three poles contain 
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a flexible master pulse plus 28 BBY 
contacts. Meets 20G vibration ani 
50G shock tests, has guaranteed life 
of 500 hrs. Ungoverned 28 v de motor 
is noise filtered, rotates switch a 
10 rps through IDL reducing gear. 
Hermetically sealed.—Instrument De- 
velopment Labs., Inc., 67 Mechanie 
St., Attleboro, Mass. 


For more information circle 109 on inquiry card 
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DATA TAPE TRANSPORT 


New Hare 460 Series tape-synch- 
ronous transports allow exact reply 
of tapes from missiles having no 
tape-speed control, requiring only 
that recorded tape have a fixed fre 
quency reference. Fast acting non- 
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resonant reel servo system permits 
even 0.5 mil tape to be handled with- 
out damage. Model 460A has stané- 
ard speeds of 7.5, 15, 30 and 60 ips, 
with 2 ms start-stop, it also can k 
furnished to operate synchronously§motor 
at any speed between 3.75 and 120frevolu 
ips, using 4%” to 1” tape. Model 46l,frevolu 
for shipboard installation with frontffsignal 
access, accommodates up to 2” tapesiean be 
has start-stop time of 30 ms.—Specfor dis 
Apparatus Sales, Sangamo Electric§Seienc 
Co., Springfield, Ill. Bow 4 


4 ' ef yor mor 
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AMER @ wiGH-SPEED LINE PRINTER 


1 timell—l New solid-state Line Printer will 
heckouM ject, edit and print out data from 
100 sed, computer or magnetic tape at rates 
remeny Hyp to 1500 lines/min. Integrated with 
TS Withiy . 

1 5-am) 
ving less 
Ww itched 
110 ge 
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Mm puter 
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he new Burroughs 220 electronic 
jata processing system, it features 
n-line or off-line operation, buffer 
lemeter.MJata storage and automatic editing— 
stems jfl] under plugboard control.—Bur- 
r grounfoughs Corp., ElectroData Div., 460 
containmierra Madre Villa, Pasadena, Calif. 

for more information circle 111 on inquiry card. 
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y, FM/FM TELEMETERING 
QUANTIZER 


New Vernitel technique, consisting 
ff quantizer and differential ampli- 
ier, continuously separates input volt- 
ges into 16 discrete levels and pro- 
ides a residue voltage representing 
he analog scale between two quan- 
tized increments. Each voltage con- 
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trols a standard FM/FM subcarrier 
scillator to provide accuracy of + 
0.2% on telemetry systems having a 
maximum error of + 3%. Detailed 
escription on request.—Hoover Elec- 
ving no tronics Co., 110 W. Timonium Rd., 
ng only Timonium, Md. 

xed fre-Mfor more information circle 112 on inquiry card. 
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SPRING-DRIVEN COMMUTATOR 


New ASCOP Command Commuta- 
tor is a spring-driven rotary sam- 
pling switch which makes one com- 
plete sampling cycle for each com- 
and received. Hand-wound spring 
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motor provides 100 or more sampling 
revolutions at % or 1/50 sec per 
revolution, being released by pulse 
signal into a solenoid actuator. Pulse 
tan be from standard voltage source 
or discharge of capacitor.—Applied 
Science Corporation of Princeton, P.O. 
Box 44, Princeton, N. J. 


More information circle 193 on inquiry card. 
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tic XEROGRAPHY 





--.a revolutionary, new system for the high-quality, 
low-cost, rapid reproduction of engineering drawings 


A spectacular breakthrough . . . as revo- 
lutionary as the invention of movable 
type and the printing press . . . has be- 
come a reality because of the devel- 
opment of the XeroX® Copyflo® 24 
continuous printer. 

This automatic xerographic machine 
...Caricatured above by Artzybasheff 
...now provides the full benefits of a 
unitized microfilm system, the modern 
approach to high-quality, low-cost, 
rapid reproduction of engineering 
drawings. 

Original drawings are copied onto 
microfilm, and individual frames 


mounted in data-processing cards. 
From cards inserted into the Copyflo 
printer, positive prints (or offset paper 
masters) emerge dry, ready for imme- 
diate use—a 24x36” print every 10 
seconds! 

Where the reproduction of hundreds 
... or thousands. . . of different engi- 
neering drawings is needed daily, look 
to automatic xerography and unitized 
microfilm. Write today for Booklet 
X-287 detailing the many advantages. 
HaLow Xerox Inc., 59-198X Haloid 
St., Rochester 3, N. Y. Branch offices 
in principal U.S. and Canadian cities. 


Fer more information circle 27 on inquiry card. 


BENEFITS 

®@ Quality superior to that of any other type 
of engineering drawing reproduction 

e@ Substantial savings, up to $500,000 a year 

e@ Storage space reduced up to 95% 

@ No sensitized paper required 


@ Time between request and print 
dramatically shortened 


@ Reduced-size prints make handling easier, 
slash material costs, cut postage 


HALOID 
XEROX 
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equipment sources 
and selection 


Instruments and Control Systems annual Bwyers’ 
Guide lists control equipment, systems, & compo- 
nents available from more than 3,000 manufacturers. 


Subscribé now to Instruments and Control Systems 
(formerly Instruments & Automation) and receive, 
without extra charge, your personal copy of the only 
buying directory serving the instrument-control field. 
The Guide is issued each year (to subscribers only) 
as 300-page separately bound part 2 of October In- 
struments and Control Systems. 


Instruments and Control Systems is the one monthly 
magazine that brings you a// the new products, al] 
the new literature, a// the latest instrumentation data 
in more than 2,000 educational pages ... for only 
$4 a year, Subscribe now. 





SIZE 11 MOTOR GENERATOR 


New size 11 Model 11GM152 oper- 
ates between 6 and 200 v, 400 eps. 
No load speed is 6000 rpm with in- 
put of 3.5 watts at 0.053 amp. Out- 
put shafts to customer’s specifica- 





tion. Generator gradient is 0.5 v/1000 
rpm and has a total null of 0.012 v. 
Ampient operating range is —65° to 
200°C. Conforms to BuOrd Spec MIL- 
S-15087.—Servo Dynamics Corp., 
Somersworth, N. H. 


For more information circle 102 on inquiry card. 


DC TACHOMETER GENERATOR 


New dc tachometer generator fea- 
tures guaranteed brushlife of 100,000 
hours continuous operation at 3600 





rpm. Linearity to 12,000 rpm is 
better than 0.1% of voltage output 
at 3600 rpm. Special brush materials 
and high-silver alloy commutator are 
used.—Servo-Tek Products Co., 1086 
Goffle Rd., Hawthorne, N. J. 


For more information circle 103 on inquiry card. 


MAGNETIC-TAPE TESTER 


New completely-integrated Data- 
Tape Type 23-203 Test Set comprises 
a group of high-quality basic test in- 
struments principally to carry out 
fast accurate adjustments and meas- 
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urements on the 5-752 Magnetic-Tape 
Recorder/Reproducer, but is also 
suited for use in aircraft flight lines, 
production lines, wind tunnels, test 
stands, or at any location where on- 
the-spot checkout of electronic equip- 
ment is desired—DataTape Div., 
Consolidated Electrodynamics Corp., 
300 North Sierra Madre Villa, Pasa- 
dena, Calif. 





For more information circle 104 on inquiry card. 
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MINIATURE COMPONENTS 


New complete line of precision min- 
iature breadboard components in- 
cludes precision cast and ground 
breadboard plates, shaft hangers, 





shaft collars, shim spacers and gears 
in the fine pitch series (96, 120 and 
200 pitch) with delivery from stock. 
Catalog on request.—PIC Design 
Corp., Sub. of Benrus Watch Co., 
Inc., 477 Atlantic Ave., E. Rockaway, 
Es Be Fs 


For more information circle 105 on inquiry card. 


SLIP RING ASSEMBLIES 


New low-torque, low-noise slipring 
brush assembly (40 rings, 80 
brushes) typical of large-scale pro- 
duction capabilities, tested less than 
2 mv noise with all circuits in series 
and operated 1000 hrs at 500 rpm 
under —65°F to 300°F extremes. 





Breakaway friction under 75 gm-cm. 
Brochure on request.—Slip Ring Co. 
of America, 5456 W. Washington 
Blvd., Los Angeles 16, Calif. 


For more information circle 106 on inquiry card. 


DIGITAL COMPONENTS 


New set of basic transistorized dig- 
ital computer circuit packages in- 
cludes flip-flops, diode logic boards, 
read amplifiers, write amplifiers, and 


blocking oscillators. Each component 
board contains two identical circuits 
except the logic board, which contains 
2-1, 2-2, 2-3, 1-4, 2-5 function “and” 
gates, and nine “or” gates.—Aeronu- 
tronic Systems, Inc., Computer Div., 
Box MM-486, Newport Beach, Calif. 


For more information circle 107 on inquiry card. 

































100-SECOND PROGRAMMER HIG! 

New transistorized digital time, New 
for rocket test or missile checkout  colect. | 
covers the range from 0 to 1/0 sep. 3 com i 
onds in one-millisecond increments 


Five START-STOP sections wit fo. 
millisecond resolution contro] 5-amp 
power transistor switches having les. 
than 0.2 ohms impedance switched, 
Five other sections with 1/10 ge 
resolution control 10-ampere DPgr7 
relay switches with ON time accurate 
to 1 msec.—Navigation Compute; 
Corp., 1621 Snyder Ave., Philadelphig 
45, Pa. 
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COMMUTATOR wo hy 
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Three-pole motor-driven telemeter. § data st« 
ing commutator for PAM systems js Ball unc 
adaptable to either airborne or ground § roughs 
gating. Each of three poles contains § Sierra | 
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a flexible master pulse plus 28 BBM 
contacts. Meets 20G vibration and 
50G shock tests, has guaranteed life 
of 500 hrs. Ungoverned 28 v de motor 
is noise filtered, rotates switch at 
10 rps through IDL reducing gears. 
Hermetically sealed.—Instrument De- 
velopment Labs., Inc., 67 Mechanic 
St., Attleboro, Mass. 
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New Hare 460 Series tape-synch- 
ronous transports allow exact reply 
of tapes from missiles having n 
tape-speed control, requiring only 
that recorded tape have a fixed fre- 
quency reference. Fast acting non- 
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resonant reel servo system permits 
even 0.5 mil tape to be handled with- 
out damage. Model 460A has stan¢- 
ard speeds of 7.5, 15, 30 and 60 ips, 
with 2 ms start-stop, it also can bk 
furnished to operate synchronously 
at any speed between 3.75 and 12) 
ips, using %” to 1” tape. Model 461, 
for shipboard installation with front 
access, accommodates up to 2” tapes, 
has start-stop time of 30 ms.—Spet. 
Apparatus Sales, Sangamo Electr 
Co., Springfield, Ill. 
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ER © HIGH-SPEED LINE PRINTER 


New solid-state Line Printer will 
select. edit and print out data from 
) see. B 4 computer or magnetic tape at rates 
up to 1500 lines/min. Integrated with 


the new Burroughs 220 electronic 
data processing system, it features 
on-line or off-line operation, buffer 
neter. B data storage and automatic editing— 
ms isPall under plugboard control.—Bur- 
round Broughs Corp., ElectroData Div., 460 
ntains B Sierra Madre Villa, Pasadena, Calif. 
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FM/FM TELEMETERING 
QUANTIZER 


New Vernitel technique, consisting 
of quantizer and differential ampli- 
fier, continuously separates input volt- 
ages into 16 discrete levels and pro- 
vides a residue voltage representing 
the analog scale between two quan- 
. tized increments. Each voltage con- 
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iry card, @ Os a standard FM/FM subcarrier 
oscillator to provide accuracy of + 
RT 0.2% on telemetry systems having a 
synch-§'™aximum error of + 3%. Detailed 
- reply description on request.—Hoover Elec- 
ng no tronics Co., 110 W. Timonium Rad., 
only Timonium, Md. 
ad fre- Bfor more information circle 1912 on inquiry card. 
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SPRING-DRIVEN COMMUTATOR 


New ASCOP Command Commuta- 
tor is a spring-driven rotary sam- 
pling switch which makes one com- 
plete sampling cycle for each com- 
mand received. Hand-wound spring 










permits 
d with- 
stand- 
60 ips, 
can ke 
ynously 
nd 120 
lel 461, 
h front 
’ tapes, 
— Spee. 
S lectric 





motor provides 100 or more sampling 
revolutions at % or 1/50 sec per 
revolution, being released by pulse 
signal into a solenoid actuator. Pulse 
tan be from standard voltage source 
or discharge of capacitor.—Applied 
Science Corporation of Princeton, P.O. 
Bow 44, Princeton, N. J. 


"or more information circle 193 on inquiry card. 












uiry card. 


SIGN@January-February, 1959 





















ts 


“ wo 5 e wy 
A ata si we 


os a . io ie * 
275 ez 
Eo os s 


thanks to automatic XEROGRAPHY 











...a revolutionary, new system for the high-quality, 
low-cost, rapid reproduction of engineering drawings 


A spectacular breakthrough . . . as revo- 
lutionary as the invention of movable 
type and the printing press . . . has be- 
come a reality because of the devel- 
opment of the XeroX® Copyflo® 24 
continuous printer. 

This automatic xerographic machine 
...Caricatured above by Artzybasheff 
... Now provides the full benefits of a 
unitized microfilm system, the modern 
approach to high-quality, low-cost, 
rapid reproduction of engineering 
drawings. 

Original drawings are copied onto 
microfilm, and individual frames 


mounted in data-processing cards. 
From cards inserted into the Copyflo 
printer, positive prints (or offset paper 
masters) emerge dry, ready for imme- 
diate use—a 24x36” print every 10 
seconds! 

Where the reproduction of hundreds 
... or thousands... of different engi- 
neering drawings is needed daily, look 
to automatic xerography and unitized 
microfilm. Write today for Booklet 
X-287 detailing the many advantages. 
Hatow Xerox Inc., 59-198X Haloid 
St., Rochester 3, N. Y. Branch offices 
in principal U.S. and Canadian cities. 


for more information circle 27 on inquiry card. 


BENEFITS 

® Quality superior to that of any other type 
of engineering drawing reproduction 

@ Substantial savings, up to $500,000 a year 

© Storage space reduced up to 95% 

@ No sensitized paper required 


@ Time between request and print 
dramatically shortened 


@ Reduced-size prints make handling easier, 
slash material costs, cut postage 


HALOID 
XEROX 


39 





Control Amplifier Modifies 
Gain Near Setpoint 


A novel circuit being used in temperature controls 
for military aircraft, but also applicable in position 
servos, indicator systems, or anywhere a contact con- 
troller can be used, automatically adjusts the control 
loop gain to meet the changing requirements of the 
system. 

When the conditions are far from setpoint the con- 
trol acts as an ordinary contactor controller with a 
wide deadband, allowing the use of fast-acting ac- 
tuators with no loss in stability. This region is the 
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FIG. 1. TYPICAL dy- 
namic response with 
fast actuator and slow 
sensor. 
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TYPICAL DYNAMIC RESPONSE WITH 
FAST ACTUATOR AND SLOW SENSOR 


“dynamic deadband” shown in Fig. 1. When the 
conditions come within the “dynamic deadband” the 
Varigain circuit shuts off the controlled actuator; 
and, after a period corresponding to the inertial or 
inductive lag of the actuator compares the actual con- 
ditions with the set point. 

If the conditions are not within the much narrower 
“static deadband” the Varigain circuit causes the ac- 
tuator to operate intermittently until the conditions 
are at the set point. This produces the effect of a 
slower actuator operating stably within a narrow 


deadband. 


FIG. 2. VARIGAIN 
Control Amplifier com- 
bines transistors and 
relays in  phase-sensi- 
tive controller. 





The Varigain Control Amplifier (Fig. 2), a product 
of Parameters, Inc., 195 Herricks Rd., New Hyde 
Park, N. Y., combines a stable silicon transistor am- 
plifier with rugged relays in a high gain phase-sensi- 
tive contactor-controller which amplifies a threshold 
1 mv signal into an output of 115v at 2 amps max. 
This controller has been used to control temperatures 
within 0.1°C but has many other applications. 


For more information circle 114 on inquiry card. 











New Producs—con. 


SHEATHED SUBMINIATURE 
THERMOCOUPLES 


New metal-clad and ceramic-insu- 
lated Subminiature Thermocouples 
are rugged and resist corrosion, abra- 
sion and erosion. They are made in 








sizes from 0.020” OD, 2-wire; to 
0.040” OD, 2-wire; and are available 
from stock in several sheath materials 
and most conductor combinations.—8- 
page Catalog PN10 furnishes details. 
—Pyro Electric, Inc., Dept. 30, P. O. 
Box 232, Burrington, Ill. 


For more information circle 115 on inquiry card. 


SPECIAL THERMOCOUPLES 


New Con-P-Pak Thermocouples are 
designed to meet the severe demands 
required of controls and instruments 
used in rocket engines, melting fur- 
naces, nuclear reactors; and in the 





processing of liquid hydrogen, fatty 
acids, alcohols and other materials 
difficult to handle. Copper-Constan- 
tan is used for temperatures down to 
—300°F and Rh-Pt for temperatures 
over 1600°F. Conductors are encased 
in specially-processed ceramics and 
surrounded by chemically clean metal 
sheaths.—Data Sheet B contains de- 
tails —Continental Sensing, Inc., 1950 
N. Ruby St., Melrose Park, Iil. 
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DIGITAL BUILDING BLOCKS 


New transistorized Digital Systems 
Building Blocks for both high and low 
frequency have compatible signals, 


oo 






thus permitting both type units in 
one system. High frequency units will 
operate at any frequency up to 
5 megacycles.—Digital Equipment 
Corp., Maynard, Mass. 


For more information circle 117 on inquiry card. 


THERMOCOUPLE REFERENCE 


New miniature multichannel heated 
thermocouple reference junction re- 
places conventional ice bath and elim- 
inates cold-junction compensators for 


airborne and test cell uses. Reference 
temperature held to + %°F, warm- 
up time is % hr at 65°F and unit is 
encapsulated in heat resistant com- 
pound for minimum thermal effect on 
adjacent equipment. Uses under 50 
watts, 28v ac or de. Meets MIL-E- 
5272A.—Aero Research Inst. Co., 315 
N. Aberdeen St., Chicago 7, Ill. 
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OSCILLOGRAPH AMPLIFIERS 


New B-Series Amplifiers for oscil- 
lograph recorders drift less than 0.5 
mv equivalent input per hour and 
operate from 115-v + 5 v power lines. 





Two-meg input impedance plus op- 
tional zero suppression allow unit to 
be used with wide variety of trans- 
ducers. Plug-in frequency compensa- 
tion extends range of galvanometer to 
200 cycles. Output connections are at 
rear, while inputs are both front and 
rear.—Edin, A Div. of Epsco, Inc., 
207 Main St. Worcester 8, Mass. 
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COMPACT DELAY CHASSIS 


New 30-unit delay chassis, Model 
DU-10, contains 30 separate electrical 
l-usec independent delay lines pack- 





aged in a standard 19” x 1%” rack- 
mounting chassis. Lines can be used 
separately or connected in series to 
form desired total delay. Upper cut- 
off is 5.6 mc; characteristic imped- 
ance is 91 ohms, with 1 db/usec at- 
tenuation—Computer Control Co., 92 
Broad St., Wellesley, Mass. 
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PRESSURE TRANSDUCER 





New Pressure Transducer PT-2 | 
measures small pressure differentials | 










oscil 


of 0-10 em W.C. Pressure drop is ap, 
plied across thin metal diaphragm t, 





which is fastened the core of a dit @. ot | 

: ih 
ferential transformer. Rugge ep. oe 
semble is not easily damag:d }, roe 


rough handling. Sensitivity is 0,7 
mv/mm W.C. with 5 v input a: 40 
cps. Hysteresis is 0.856% with +1) 
em W.C. pressure for 30 sec. Powe, 
supply can be any sinusoidal cscills. 
tor with 3 to 5 v rms output acroy 
an impedance of 200 ohms at 40 
cps frequency range, including 100 t 
20,000 cps.—Custom Engineering & 
Development Co., 1429 South F wing 
St. Louis 4, Mo. 
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Export Dept.: Reeves Equipment Corp. 








10 E. 52nd Street, New York City, New York * sa 

. 

Cable: Reevesquip, New York bilise sie 
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OPTICS..... 


TO YOUR SPECIFICATIONS 


@ For every purpose 

@ American precision made 
@ Prompt delivery 

@ Free consultation 


WHATEVER YOUR REQUIREMENT 
7—REPUBLIC DOES IT RIGHT:—|' 





Lenses © Prisms ¢ Mirrors 
Lens Assemblies ‘ 
Optical Glass e Quartz e Calcium 


Fluoride ¢ Pyrex e Etc. 








e Lens Coating in form 

Your Inquiry is given immediate attention “ o 
Ss. 

REPUBLIC —Gene 

Lens Co., Ine. BP pin ec; 











31 E. 169th ST., NEW YORK 52, N.Y. 
CYpress 3-2790 
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OSCILLOGRAM PROCESSOR 


New portable Model 23-109A Oscil- 
iogram’ Processor consists of a sealed 
thermistor sensing unit and a tran- 
jstorized control amplifier in elec- 
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SOLAR" BLIND MULTIPLIER PH 
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PHOT 
oe EHSITVE DEVICES DEPARTMENT 
the need ron cathodes have bee ;, 
Presence 9 high ultray; 1 designed 













trical compartment. Provides close 
control of drum temperature. Includes 







a unitized drive assembly, speed-con- f wh; . vi Olet to fil 
- Btrol contact shoe wide enough to allow In a Series gh light and are sponse to the 1 | 
'Bsimultaneous processing of two nar- .) MUltipliep Now availab) - 
‘Brow rolls, and a take-up spindle coated Phot otubes ‘ e * 
Bwith Teflon.—Consolidated Electro- 






















dynamics Corp., 300 North Sierra 
‘BMadre Villa, Pasadena, Calif. 
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VIEWING OSCILLOSCOPE 


New Model 140 Oscilloscope, a low- 
§cost rack-mounted viewing ’scope is 
_ ffor application to analog computers, 
| characteristic tracers, etc. Supplied 


RESOLUTION CATHODE-RAY TUBES 
from 


T 
CATHODE-RAY TUBE seine egineonroes —n 
thode-ray tubes, uce a spot 
Song vig oe consistently able be ty 
low in gree than .001" are now availa 
ae a ana 7-inch diameter tubes. 
an v7, vm 


HIGH 

















with identical horizontal and vertical 
amplifiers with sensitivities of 20 
mv/in and response from dc to 50 kes, 
it has a flat-faced tube to reduce 
spreading error. No internal sweep is 
Bprovided.—A merican Electronic Labs. 
sB/nc., 121 North 7th St., Phila. 6, Pa. 
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MULTICHANNEL SAMPLING 
SWITCH 


New Model 108A high-speed sam- 
pling switch for sequential drift sta- 
bilization of up to 83 high gain de 
amplifiers is made in compact plug- 




















view Storage tube 
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ora : Cations 
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ULTRA-FINE GRAIN SCREEN 
from 


PHOSPHOR RESEARCH AND DEVELOPMENT ENGINEERING 


TIONS 
j apable 
j rain phosphor screen car ' 
pe cet oar riage spot with minimum ——— 
wa pol electrically stable has been created to 
M 





advantage of new Du Mont electron gun design. 





These are just a few of many new Du Mont developments. 


7s uirements... 
i ecific tube requl 
in form, approx 10”x10”x6.” 110v 60 Tell us your sp 


‘ps motor drives switch rotor at 3 
"ps. Other technical data on request. 
~General Devices, Inc., Box 253, 
MN Bring, ton, N. J. 
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Flowsoldering in Automatic 
Production of Printed Circuits 


In dip-soldering, the circuit panel must be lowered 
down to the molten solder (Fig. 1). In the “Flow- 
solder” technique, the solder is raised up to the 
circuit panel by an impeller pump, which forces the 
metal upwards through an elongated nozzle to form 
a stationary wave (Fig. 2). This wave of molten 
metal solders the joints between component leads and 
copper conductors on the underside of the panel. 














MOwsoipeR . . te 
netice the straight 
path ef the pone! 
threugh the selder 
weve. 


FIG. 1. STRAIGHT LINE motion of printed circuit 


panel facilitates automation of production. 














FIG. 2. SOLDER WAVE provides hot, clean solder 
flow with no entrapped air, easily regulated soldering 
level. 


New Products —conr. 


MICROWAVE SIGNAL 
GENERATOR 


New Model PMX test instrument 
generates internal pulse, square wave 
or FM signals 4,450 to 11,000 me 
range with two plug-in tuning units. 








Its range of internal pulse capabili- 
ties include 0.2—10 wsec variable 
width; 2-2,000 usec delay; and 10-10,- 
000 pps rep-rate. Pulse rise and de- 
cay time is 0.1 usec. Internel FM 
generation is a linear sawtooth with 
5 me frequency deviation. All signals 
can be synchronized externally with 
any pulse or sine wave; also gener- 
ates delayed or undelayed pulses, 
negative or positive, for synchroniz- 
ing other equipment.—Poldarad Elec- 
tronics Corp., 43-20 34th St., Long 
Island City, N. Y. 
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SPECTRUM & POWER 
DENSITY ANALYZER 


New S-2 Panoramic instrumenta- 
tion system consists of PDA-1 Spec- 
tral Power Density Analyzers plus 
Spectrum Analyzer and chart record- 
er. Covering both random and dis- 
crete data, repeatable records are 


MULTI-RANGE FREQUENCY 











GENERATOR 


New self-contained Model T868 fre- 
quency generator incorporates tun- 
ing fork resonators and frequency 
dividing networks to supply accurate 


Le Oe ee 



















Roa? 


frequency reference to T806 turn- 
table rate motor drive and other gyro 
test tables—ZInstrument Div., Ster- 
ling Precision Corp., 17 Matinecock 
Ave., Port Washington, N. Y. 
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140 KMC EQUIPMENT 


Equipment for generating, detecting 
and measuring micro-waves up to 140 
kme is designed to permit the use of 
working models only 1/10 actual size 
in engineering research. New line in- 





cludes crystal multipliers, crystal 
mounts, E-H tuners, wavemeters, SW 
detectors, phase shifters, attenuators, 
elbows, magic T’s, and other wave- 
guide components, available in con- 
tinuous coverage from 2.6 to 140 kmc. 
—De Mornay-Bonardi, 780 Arroyo 
Parkway, Pasadena, Calif. 










METAL FILM RESISTORS 


NEW! This precision 


metal film resistor meets and ex- 
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low noise 





ceeds requirements with temper- 
ature coefficient of plus or mi- 
nus 50 ppm/°C independent of 
resistance value. Standard tol- 
erance plus or minus | per 
cent. Type WHM-1.125" long 
x .406" diam.—is equivalent 
to MIL Style RN 75, maxi- 
mum voltage rating 500V. 
Type WFH-.781" long x 
.250" diam.—equivalent to 
MIL Style RN 70, maxi- 
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mum voltage rating 350V. 51 

Enclosed in specially 

designed hermetically 

sealed plastic casing ee 

(patent pending) to can 

protect precision re- sign 

sistor element. ters, 
hant 
easy 
NMI 
and 
para 
HAF 
5168 
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ing quality 


pec resistors: Precision 
Wire Wound — High Voltage — High Megohm — High 
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L-BAND TRANSPONDER 
TEST SET 





Frequency. Our test equipment and standards for by Ma 
checking and calibrating are matched only by leading son + 
laboratories. Write for more information. technic 
compo 

Dynan 

pages. 

HIGH MEGOHM RESISTORS ff: 81’ 


Type H. For electrometer circuits, 


radiation equipment and as high re- 
sistance standards. Resistance avail- 
able to 100 million megohms. Volt- 
age rating to 15,000 volts. Low 


THE 
edited 







New ATC transponder test set for 
shop and ramp testing of L-band air- 
borne transponders manufactured to 





Advantages of “Flowsolder” over conventional dip- 


soldering in a static solder bath are: (a) Straightline ARINC characteristics 532B and erg ae and o = coef. _— 
° ° : icient. Sev 
motion of panel is simple to automate; (b) angled ANDB 2.3 NAIB, has double pulse 3" long, - aos, pon te oo, 


entry and exit needed to prevent air entrapment, are 
provided by shape of solder wave, eliminates double- 
dipping; (c) flow of hot solder is not chilled by cold 
panel and flux evaporation as in static bath; (d) clean 
solder flow eliminates skimming of both or use of 
anti-oxidants, necessary with static baths; (e) over- 
heating and warping of panel from all-surface contact 
with solder is prevented with only a strip of panel in 
contact at any one time; (f) there is no limitation on 
length of panels and widths up to 914” can be han- 
dled; (g) height of solder wave is easily regulated by 
speed of pump. (From 36-page manual, Fry’s “Flow- 
solder” Method of Soldering Printed Circuits, Elec- 
trovert, Inc., 124 E. 40th St., New York 17, N. Y.) 
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readily made in vibration and envi- 
ronmental tests, speech and noise 
analysis, medical and geophysical 
waveforms, Fourier analysis of peri- 
odie motions, and random waveform 
analysis (time stationary or other- 
wise). Frequencies from 0.5 to 300 ke 
are covered in three overlapping 
ranges. Detailed specification bulletin 
on request.—Panoramic Radio Prod- 
ucts, Inc., 520 S. Fulton Ave., Mt. 
Vernon, N. Y. 
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generator, strip transmission line di- 
rectional couplers; signal generator; 
calibrated attenuators; power monitor 
and pulse spacing network.—Micro- 
wave Div., Kearfott Co., 14844 Ox- 
nard St., Van Nuys, Calif. 
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quirements of MIL-R-14293A. 
Standard resistance tolerance 
10%. Tolerance of 5% and 
3% available. Also matched 
pairs with 2% tolerance. 
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Harvey-Wells presents 


ACCURACY 
RELIABILITY 


5 mc Data Bloc « Data-Pac 


. . . Data Bloc units are basic building blocks which 
can be reused any number of times . . . compact de- 
sign permits rapid assembly of shift registers, coun- 
ters, pulse generators for digital logic and data 
handling systems .. . later production runs made 
easy by compatible Data-Pac units .. . 


NMR_ instrumentation, electromagnets 
and power supplies, error signal com- 
parator . . . digital components. 


HARVEY-WELLS ELECTRONICS, INC. 
Research and Development Division 
5168 WASHINGTON ST., W. ROXBURY 32, MASS. 
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DIGITAL TECHNIQUES FOR 
COMPUTATION AND CONTROL 


by Martin L. Klein, Harry C. Morgan, Milton H. Aron- 
son. . . FIRST comprehensive survey of basic digital 
techniques . . . includes basic principles, basic circuits, 
components and available commercial equipments . . . 
Dynamic digital material thoroughly covered in 394 
pages. Cloth bound with dust jacket, illustrated, 514” 





THE COMPUTER HANDBOOK 


edited by M. H. Aronson. A clear introduction to the 
entire field of electronic computers and data processors. 
Presentations by computer manufacturers at the Second 
Computer Clinic. Paperbound, 72 pages, 1956. ......$2.00 


MECHANICAL MEASUREMENTS BY ELEC- 
TRICAL METHODS 


by H. C. Roberts . . . describes gaging methods based on 
variations of capacitance, inductance, resistance, as well 
as photoelectric piezoelectric, thermoelectric acoustic, and 
other methods . . . covers principles of bridge and po- 
tentiometer circuits, plus required and available equip- 


ment. Second edition, cloth, 368 pages, 1951. ........ $2.00 


INSTRUMENTS PUBLISHING CO., INC. 
845 RIDGE AVE., PITTSBURGH 12, PA. 


SIGN January-February, 1959 








ULTRA-SHORT PULSER | 


New Model 1051 Millimicrosecond | 
current pulse generator for develop- | 
ment work in research, computer de- 
sign, and hi-speed transistor switch- 


SWEEP SPEED = 20 LF/CM 
VERT. DEFL. = 10 V/CM 


ing provides 2 amp pulses in 10, 20, 
50 and 100 light-feet duration (1 LF 
is approx 1 milli-usec). Sync pulse 
precedes main pulse by 50 LF; either 
may be positive or negative. Typical 
10 LF pulse across 50 ohm load is 
shown.—Rese Eng., Inc., 731 Arch 
St., Philadelphia 7, Pa. 
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RESEARCH PULSE GENERATOR 


New Model B-7 Pulse Generator 
for research work on high-speed pulse 
circuitry provides rep-rates from 20 
eps to 2 me from internal oscillator, 


pulse widths from 0.05 to 10,000 usec, 
and delays from 0 to 10,000 usec. Can 
also be triggered externally; output 
pulse duty factor is 25%. Occupies 
8-%” panel space or forms bench unit 
with end frames shown.—Rutherford 
Electronics Co., 8944 Lindblade St., 
Culver City, Calif. 
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X BAND ANALYZER HEAD 


New Model 30X5 RF head cover- 
ing the 8.5 to 9.7 kme range of the 
X band is designed for use with the 
Itek SA30 Microwave Spectrum 
Analyzer. Direct-reading dial gives 


frequency readings accurate to 0.05% 
or better; also has precision 80 db 
attenuator and tracked reflector volt- 
age for constant display centering. 
Tech bulletins on request.—Itek 
Corp., 1568 Trapelo Rd., Waltham 
54, Mass. 
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Typical of Microphase Techniques: 
Continuously-Matched Filter Network — 50 Ohms resistive 
in the stopbands, VSWR 2.5:1 maximum near cutoff frequencies. 
Similar low- , high- , and bandpass units are available 
from VHF through X-Band frequencies. Write for literature 


INSERTION LOSS IN DB 


RF COAX and WAVEGUIDE FILTERS, 
standard or to fit your requirements 
LOW-PASS, HIGH-PASS, BAND-PASS, BAND-ELIMINATING, 
DIPLEXERS, MULTIPLEXERS, PRE-SELECTORS 





mMmIicRGDHASE 





CORPORATION 


P.O. BOX 1166T 
GREENWICH, CONN. 


NORMANDY 1-6200 


TW: 
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AMTHOR Dead Weight 
Pressure Gauge TESTER 


Designed for simplicity and compactness, 
this tester incorporates the newest refine- 
ments and improvements and is praised by 
users in all industries for long lasting 
troublefree service. Made in various ranges 
up to 10,000 P.S.I. We guarantee accuracy 
of 1/10 of 1%. Supplied in metal carrying 
case with adapters and tools. Weights in 
special metal container for storing. 


ALSO NEW BI-FLUID 
MODEL NOW AVAILABLE 
Amthor 


Testing Instrument Co., Inc. 
45B Van Sinderen Ave., Brooklyn, N. Y, 
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bebell « bebell 
(os oo] eo) Scie) -F:egel-i i 
Technical 
Drawings 
Duplicated 
in brilliant 
photographic 
COLOR 


from original 

art, sketches, 

photoprints, 
transparencies. 


ONE or 1000 
slides, film strips, 
stereo, color prints, 
any size, any style. 
(6-HOUR SERVICE AVAILABLE) 
PERFORMANCE ON 
GOVERN MENT CONTRACTS. 
Wreite for price list! 


WaAtkins 4-8573 


108 W. 24th St., New York 


Cables: Labsbebell, N.Y. 
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THE REFLECTONE CORPORATION e 





FLIGHT TIME: 4 HOURS 
FUEL USED: NONE! 





Reflectone simulators and training devices duplicate conditions of actual 
flight, drastically reducing the expense and hazards of in-flight training. 
Reflectone has been a pioneer in synthetic training for more than a dec- 
ade, and has supplied military and industrial users with millions of dollars 
worth of complex training equipment. 

Many Reflectone components and package systems, incorporating the 
engineering and manufacturing skill which produces the most intricate 
simulators, are now available to help solve other electronic and electro- 
mechanical design and application problems. 


Write for information on special components and complete systems for any application. 


INTEGRATORS * PULSE GENERATORS * DIFFERENTIALS 
SIMULATORS © COUPLINGS *© PROCEDURE TRAINERS 





REFLECTONE ). 
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AIRCRAFT CIRCUIT ANALYZER 


Analyzer leads are inserted be- 
tween opened connectors of any air- 
craft circuit using Deutsch connec- 
tors, bringing the Analyzer into the 
circuit. SPST switches and series- 





rr) 


connected jacks then permit voltage, 
resistance and current measurements. 
Insulation leakage and signal char- 
acteristics can also be checked by 
appropriate meters or scopes. Models 
SI 3002-37 and SI 3002-61 have 37- 
and 61-circuit capacities respectively. 
—Scott Instrument Co., 3734 W. 
Slauson Ave., Los Angeles 43, Calif. 
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PRESSURE-T0-FREQUENCY 
TRANSDUCER 


New ultra miniature OSCIDUCER, 
a temperature-stabilized silicon tran- 
sistor oscillator combined with a vari- 
able inductance diaphragm-type pres- 
sure transducer, provides a complete 





in-line instrumentation module for 
remote measurement of pressure. Re- 
quires only three connections: 28v at 
2 ma de, ground, and output. Oscil- 
lator and transducer may also be used 
separately. Available for all IRIG 
channels, technical data sheet on re- 
quest.—Solid State Electronics Co., 
8158 Orion Ave., Van Nuys, Calif. 
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DECADE BOXES 


New line of Decade Boxes, com- 
prising 3 capacitance models, 3 resist- 
ance models, and 4 inductance models; 





Bareesescesraneer meena mage 


has heavy duty construction for long, 
trouble-free operational life. Aero- 
vox Corp., New Bedford, Mass. 
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ITV 


New Model 1986 System has built- 
in, fully automatic light-adjustment 
control which will instantly adjust to 
variations in light level of up to 
1000:1. System consists of Model 
1986C Camera, Model 1986ACU Cam- 


he 


era Control Unit, and Model DRM- 
14R Monitor. The bandwidth of the 
video amplifiers is 8 megacycles, +0.5 
db. A transistorized stable full count- 
down syne generator provides EIA 
standard pulses, either crystal-con- 
trolled, line-locked, or free-running.— 
Cohu Electronics, Inc., Kin Tel Div., 
5725 Kearny Villa Rd., San Diego 12, 
Calif. 
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REMOTED ZOOM LENS 


New Zoomar Mark II ITV lens in 
two focal length ranges mounts on 
any %” Vidicon ITV camera. Has 
built-in motors for distance, zoom and 
iris control.—Zoomar, Inc., Glen Cove, 
N. Y. & Hollywood, Calif. 
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RUGGEDIZED ITV CAMERA 


New TC-200-RT transistor-type 
ruggedized CC-TV Camera, and Type 
TC-200-RS with subminiature tubes, 
have modular design, and are con- 
structed to permit maximum response 
in the presence of ambient noise in ex- 





cess of 175 db. Either one will with- 
stand vibration and shock of more 
than 0.06” displacement at 5 to 33 
cycles and 20G in 3 axes. Tempera- 
ture in excess of +50°, 100 percent 
humidity, and operation at 100,000 ft 
altitude will not affect the picture 
quality. The vidicon camera, produces 
a high-resolution, 2:1 interlace TV 
signal.—Allen B. Du Mont Labs., Inc., 
Industrial Television Sales Dept., 760 
Bloomfield Ave., Clifton, N. J. 
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SEMICONDUCTOR LIFETIME 
MEASUREMENT 


New Semiconductor Lifetime Meas- 
iring Equipment uses a spark-gap 
type light source of 3 wsec duration 





of such intensity that carriers in the 
order of 101%/cc are injected into the 
semiconductor. Exceptionally useful 
in measuring minority carrier life- 
time, drift mobility and photo-effects 
in semiconductors, it supplies extern- 
al syne for triggering an external 
scope, on which decay of photoconduc- 
tive current can be observed. Litera- 
ture on request.—Electro Impulse 
Lab., 208 River St., Red Bank, N. J. 
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UNIVERSAL TRANSISTOR 
TESTER 
New Model TT-1 tests low, medium 
and high-power type, PNP and NPN 
transistors. Leakage and gain char- 
acteristics and shorts are tested; also 






reverse and forward current ratios 
of diodes. Provides 50 namp meter 
movement, with self-contained bat- 
tery power, in sturdy case for port- 
able use.—The Reflectone Corp., Post 
Rd. and Myano Lane, Stamford, 
Conn. 
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SINGLE-AXIS SIMULATION 
TABLE 


New Model A916 Single-Action 
flight simulation table, used with an 
analog computer, function generator, 
tape recorder or digital-to-analog con- 
verter, can determine dynamic char- 
acteristics of high performance gyros 
and accelerometers, evaluate auto- 
matic pilot systems. Table is actuated 


hydraulically with pistons controlled 
from a high-gain servo system which 
is said to provide resolution to + 2.5 


seconds of arc, amplitude flat within 
+ 2 db to 45 cps, and excellent repro- 
ductibility.—Genisco, Inc., 2233 Feder- 
al Ave., Los Angeles 64, Calif. 
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OVENLESS CRYSTAL 
OSCILLATOR 


New crystal oscillator using no 
oven has stability of + 5 ppm/°C 
over the temperature range of 
—20°C to 70°C, requiring no warm- 
up time. Available for any frequency 


e 


in the 4 to 16 mc range, the oscillator 
weighs only 9 oz and withstands ac- 
celeration to 10 G.—Marconi Instru- 
ments, 111 Cedar Lane, Englewood, 
N. J. 
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AMPLITUDE MODULATOR 


New battery-powered “Megalator” 
provides over 100% amplitude modu- 
lation over CW and FM frequency 





ranges (dc to 1000 mc), and audio 
oscillations from 15 cps to 15 ke, also 
contains beat-frequency audio oscil- 
lator and output attenuator. Can be 
used with any sweeping oscillator or 
signal generator as a general pur- 
pose lab instrument.—Kay Electric 
Co., Dept. 1A, Maple Ave., Pine 
Brook, N. J. 
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ANOTHER “CRITICAL” CONTROL SWITCH FROM CPI RESEARCH 


if you are concerned with measurement of surface temperatures in aircraft 
and airborne electronic equipment in confined spaces, this may be a 
thermal switch you could use. We designed and manufactured it to meet 
exacting specifications of a prominent aircraft manufacturer. 


Chances are your needs may require modifications or even a completely new 
switch. We have always realized that there are few “critical” control 

switches that can be all things to all people. That's why we have the 

research and development engineers who can and do tackle specific problems 
of thermal control. Can we help you solve yours? 


This new hermetically sealed, 
bi-metal, single or 2-wire 
switch has calibration range 
of -20F to 600F; safe 
momentary overshoot to 800F; 
available with various type 
mountings. When inquiring, 
mention “button” switch. 














CONTROL PRODUCTS, INC. 


311 Sussex Street, Harrison, N. J. 
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AUTOTRONICS 


for precision control 























DUPLEX MINIATURE ELECTRO-MAGNETIC CLUTCH 
DE-ENERGIZED — both flanges os well as the output shaft are 


free running. 








ENERGIZED — either coil engages its respective flange to the 
output shoft. / : 
The function of the shafts may be reversed so that a single 
input can be connected to either of two output shafts. 

The model MCC is available in four sizes and two standard 
shaft configurations, pilot diameters from .500” to 1.250”, 
torque from 4 oz. in. to 56 oz. in. 








Write for catalog 957 


for data on all Auto- 











tronics standard clutch 


=@ WC Box 812, Rt. 1, 


hp hed ns MISSOURI 


and brake units. 
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HIGH ATMOSPHERE 


“saue MAXIMUM Performance 
MINIMUM Size - Weight - Power Drain 


TIMER—Model AGC 

No. of decks—1-4 

Segments per deck—2-12 
for stock units. Special 


commutators to order at 
nominal tool charge. 


Speed reg.—+1.0% 
50% voltage shift 


Poues Egut—-.s0e Amp. @ 


MOTOR—Model TR 
Transistor commutated 
No RF interference 


Lifetime of at least . a 
continuous operatio 


Wide choice of speeds 

Weight—2.5 oz. 

Power Ly master: Amp. 
6V.0C. di 


WRITE FOR LITERATURE 


Oe Se ae & yg JING. 


TIMER—Model AGS-4 
Number of circuits—4 SPDT 
Weight—6.1 oz. 


Speed reg.—+1.0% @ 
50% voltage shift 


P i —. Amp. 
ween 008 Amp. @ 


ALSO AVAILABLE 1, 2 OR 
3 CIRCUITS 


ENGINEERING DEVELOPMENT MANUFACTURING 
x BRAILSFORD ™& 


SUB FRACTIONAL WATT D.C. MOTORS SIGNALLING SYSTEM COMPONENT 


For more information circle 39 on inquiry card. 








New Products—conr. 
TRANSISTORIZED GAUSSMETER 


New Model D-855 Gaussmeter, de- 
signed for accurate flux measure- 
ment up to 30,000 gauss, gives steady 
accurate indication without ballistic 








jerk, also “flow” direction. Can be 
equipped to measure earth field dens- 
ity; internal battery provision adapts 
it for field use. Probe is 0.025” thick 
with active area of 0.01 sq in.—Dyna- 
Empire, Inc., 1075 Stewart Ave., 
Garden City, N. Y. 


For more information circle 145 on inquiry card. 


STEP-VOLTAGE MEGGER 


New rectifier-operated Megger in- 
sulation testing meter is designed for 
new step-voltage testing methods 





which involve sequential application 
of two or more dc test voltages and 
critical observation of any reduction 
of insulation resistance at the higher 
voltage. New instrument has 6 out- 
put voltages: 500, 750, 1000, 1500, 
2000, and 2500, with a range of 0-10,- 
000 megohms on a single easily read 
scale. Bulletin 21-20a, describing step- 
voltage testing, is available on re- 
quest.—James G. Biddle Co., 1316 
Arch St., Philadelphia 7, Pa. 
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PRECISION CURRENT 
GOVERNOR 


A programmable constant current 
source of high accuracy and stability 
required for meter calibration, gyro 
torque measurements, and measure- 
ments of zener diodes, transistors, 
pots, bolometers, thermistors, mag- 
netic cores, and other current-sensi- 
tive devices. Models CS-11 Current 
Governor furnishes from lua to 100 


ma in steps of lua at load voltages 
from 0 to 50 v. Accuracy at any 
current setting is 0.02% + 0.1 ;a, 





with line regulation better than 
0.0005%.—North Hillis Electric Co., 
Inc., 402 Sagamore Ave., Mineola, 
em x 
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OCTAVE BAND FILTER SET 


New Model 530P Octave Band Fil- 
ter Set, when attached to the 
GRI551A Sound Level Meter, allows 
the operator to make measurements 





in octave bands. The bands consist 
of: 20-75, 75-150, 150-300, 300-600, 
600-1200, 1200-2400, 2400-4800, and 
4800-10,000 cps. A built-in transistor- 
ized amplifier allows for measure- 
ment of noise in these bands to more 
than 36 db below the overall noise 
level.—Allison Labs., 14185 Skyline 
Dr., La Puente, Calif. 
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LONG-SCALE SUB-MIN METER 


New ruggedized subminiaturized 
panel meter has 180° arc-scale 1.52” 
long, enabling accurate indications in 
miniaturized military applications. 





Meets all applicable requirements of 
MIL-M-10304A; available in standard 
de, ac-rectifier ranges.—The Hickok 
Electrical Instrument Co., 10514 Du- 
pont Ave., Cleveland 8, Ohio 
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MILITARY SYSTEMS DESIG 
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a, MINIATURE VTVM adjustment for microphone sensitiv- 
New Model SPD-25, smallest self- ity; and improved signal-to-noise TRANS-SONICS 
Ni , : . _ a ee ee ene re 
contained electronic voltmeter, meets ratio and dynamic "he EE and fre Tm. 
MIL-T-945A for use in aircraft, mis- quency response.—“The xperiment- 
il ~ and ground support use Oper- ter,” Vol. 32, No. 17, contains details. LARGEST MANUFACTURER OF TRANSDUCERS FOR TELEMETERING 
aes ane © aa —General Radio Co., 275 Massachus- 
, , etts Ave., Cambridge 39, Mass. 
For more information circle 152 on inquiry card. introduces 
MINIATURE BALL BUSHINGS TYPE 78 
in New INST-258 and INST-396 ball | 
” bushings eliminate friction in linear | 
a, motion bearings in military inertial PRESSURE POTENTIOMETERS 
and control uses for shafts 0.1246” and 
d. ‘d FOR TELEMETERING AND CONTROL APPLICATIONS 
ates on 115 v, 400 cps, is available in 
any range from 0-30 mv to 0-300 v. 
i]. Frequency response is 40 cps to 50 
re ke; input impedance is 1 megohm, 
me 15 uuf; stability with 10% line volt- 
ts age change is better than 2%. Volt- 
meter accuracy is + 3%.—Metroniz, : 
Inc., Chesterland, Ohio 
For more information circle 150 on inquiry card. 0.1871” dia. Each bushing has 3 cir- shown % size 
cuits precision milled steel balls, outer 
LINEAR AC AMMETER steel sleeve and brass ball retainer. 
. : Tech data on request.—Thomson In- 
New ac ammeter which has 2% ac- 7 
curacy at any part of the scale over dustries, Inc., Manhassett, N. Y. 
the frequency range from 300 to 2000 For more information circle 153 on inquiry card. 
@ COMPACT — LIGHT — ONLY 6 OUNCES 
TRANSISTORIZED CONVERTER 
Sew Mette). SANG. deemmner om- @ OUTSTANDING ENVIRONMENTAL PERFORMANCE 
verter, meeting MIL-Specs for Ground 
equipment, provides 250 watts square @ HERMETICALLY SEALED MECHANISM 
- @ STAINLESS STEEL CONSTRUCTION 
nd 
or- 
re- ; 
re eps and from —55° to 71°C uses ex- 
ise ternal current transformer for cur- 
ne rents over 10 amperes. Movement Type 78 Pressure Potentiometers feature accurate and re- 
operates on 5 ma full scale, with- - 4 Ke 
stands 1000% overload for 5 sec. liable performance under severe environmental conditions: 
ard. : i 
Hermetically sealed styles meeting ; : ‘ ans 20 ; 
| MIL-M-10804A are 2%", 8%” and Sinusoidal Vibration: 1” da, 2 to 22 cps; 25 g, 22 
‘R 4%” round.—Voltron Products, 1010 to 2000 cps 
zed Mission St., S. Pasadena, Calif. wave, 115 v 400 cps output from in- Random Gaussian Vibration: 0.1 g?/cps, 15 to 
52” For more information circle 151 on inquiry card. put of 120 v, 60 cps. Operates at any 2000 cps 
hee poe age a . pralctedes 4 rag ‘ian Sustained Acceleration: 50 g on any axis 
SOUND-LEVEL METER hae to. «th ee Ge CauPeoer Mechanical Shock: 30 g on any axis 
New Type 1551-B Sound-Level Sources, Inc., Burlington, Mass. Operating Temperature: —65 F to +160 F with 
Meter includes many new technical For more information circle 154 on inquiry card. minimum change in output 
features and improvements over its 
SUB-MIN COAXIAL CONNECTORS Hermetic sealing protects entire mechanism against sand 
New line of 50-ohm connectors for and dust, humidity, salt spray, fungus, and the fluid being 
sub-miniature coax cable can be read- measured. Unit has welded stainless-steel case, is 17%” 
ily worked in field with small wrench . “0 . d 
or pliers, due to hexagonal body and diameter by 1%” long, weighs only 6 ounces. Standar 
ranges are 0-15, 0-25, and 0-50 psia; other ranges available. 
a> Write to Trans-Sonics, Inc., Dept. 12, Burlington, Mass., 
of for further information on Type 78 Pressure Potentiometers. 
7 nut shapes. New sealing method gives 
, k . 
~ high pull-out strength without de- TRANS-SONICS 
é forming cable dielectric.—Sealectro 
ard. predecessors, such as new microphone, Corp., 610 Fayette Ave., Mamaroneck, eee 
meter circuit, calibration circuit for 2 hranaducena 
ESIG amplifier gain standardization and For more information circle 155 on inquiry card. 
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CHART-PAK precision tapes and die-cut symbols 
made these conductor paths and terminal pads 
for a printed circuit layout in 9 minutes 40 seconds! 






HOW LONG WOULD IT TAKE 
YOU TO DRAW THEM? 


Chart-Pak tapes and symbols are pre- 
cision manufactured to .002”. High di- 
mensional stability. Flat black surface 
is opaque, non-reflective. Pressure-sen- 
sitive adhesive backing holds firmly, 
will not melt under heat of reproduc- 
tion; yet can be easily lifted and reap- 
plied for corrections. Available in tape 
widths of 1/32” and up, and in lands, 
fillets, corners, tear drops, etc. Ideal for 
use on any surface, especially Chart-Pak 
“Mylar’“precision grids. Write for full 
details. 
























































(= 





CHART-PAK, inc. 


ORIGINATOR OF THE TAPE METHOD OF DRAFTING 


CHART-PAK (43: 
Saves time... 
Saves money! 


RL “tte Ke: 





S_ 202 River Road, Leeds, Mass. 
re ee 
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NAVY TERMINAL 
BOARDS 








\ i | Made to,Navy dcaing S000, 


Designed by the Bureau of Ships and covered by applicable MIL specs, these boards 
or blocks are ideal for other heavy-duty assemblies and services. Available in several 
different lengths and number of terminals. Supplied in MAI-60 glass-filled Alkyd as per 
MIL-M-14 with latest revision. Threaded studs of manganese-bronze, molded in plastic. 
Slotted brass nuts. Other Navy types also available. 


WRITE FOR LITERATURE... 


Latest Kulka Terminal Block Catalog sent 
on request. Let us have your terminal block 
problems and requirements. Our specialty! 









KULKA ELECTRIC CORP. 


633-643 So. Fulton Avenue 
Mount Vernon, N.Y. 


For more information circle 42 on inquiry card. 








New Products—con:. 
GYRO DRIVE POWER INVERTER 


New transistorized power inverter 
Model 591-J supplies 40 va, 400 cps 
sine-wave output for maximum non- 
heating performance from ac gyros 








and motors. Anti-hunt circuit elimi- 
nates tendency of ac gyro spin motors 
to undershoot or undershoot near 
synchronous speed by controlling fre- 
quency independent of gyro reactance 
variations. Nominal input voltage 24, 
26 or 28 v de.—Arnold Magnetics 
Corp., 4613 W. Jefferson Blvd., Los 
Angeles, Calif. 
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STABILIZED STATIC INVERTER 


New solid-state inverter transistor 
and magnetic amplifier circuits to 
provide 80 va power at 115 v, 400 
eps (stable within + 1%) from 18 
to 30 v de input. Output voltage may 





be manually adjusted from 105 to 
125, v, and frequency within +3 cps. 
Meets Mil-E-5400 and E-5272, will 
withstand variable inputs to 40 volts 
and will not sperk at any altitude.— 
Magnetic Amplifiers, Inc., 632 Tin- 
ton Ave., New York 55, N. Y. 
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RATE GYRO 


New Model GG79 can be furnished 
with one or two potentiometers, with 
rate switch, for operating at a pre- 
determined turning rate. Also incor- 





porates advanced damper and other 
features for operation in rugged en- 
vironments. Ambient temperature 


range —65° to 165°F; potentiometer 
resistances range from 420 to 15,000 
ohms, and its threshold is 0.1°/sec or 
less. Operates from 115v 400 eps.— 
Aeronautical Div., Minneapolis. 
Honeywell Regulator Co., Minneapo- 
lis, Minn. 
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SPRING POWERED GYRO 


New gyro for short-range missiles 
and drones has rotor energized by a 
spring, which brings the rotor to 
peak speed in a fraction of a second. 





Operable instantaneously after re- 
ceiving a firing signal, its simplicity 
is suited to low-cost high-volume ap- 
plications of high reliability. Two- 
degree of freedom type shown sup- 
plies a potentiometer signal to con- 
trol roll within + 50° of freedom.— 
Waltham Precision Instrument Co., 
Waltham, Mass. 


For more information circle 159 on inquiry card. 


ULTRA-MINI RF CHOKE 


New micro-miniature RF choke, the 
WEE-DUCTOR, covers inductances 
from 0.10 uh to 1,000 wh in 0.150” by 





0.375” long. Uses ferrite sleeve and 
core, moisture sealed in epoxy to MIL- 
C-15305A. Data on request.—Essex 
Electronics, Berkeley Heights, N. J. 
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HIGH STABILITY RESISTORS 


Graphs shows Nat. Bur. of Stand- 
ards tests on 10 Model NB-1, 10,000 
ohm resistors. Solid line connects 
initial values, accurate within + 4 
ppm. Dashed line shows drift in 1 


PPM 





1 2 30 C(U4 5 6 7 8 9 10 
RESISTOR NUMBER 


month, dot-dash line shows drift five 
months later. NBS Standard megohm 
is made up of 10 such resistors pur- 
chased in 1957 and still within 5 ppm. 
Catalog on precision resistors and 
networks on request.—Julie Research 
Labs., Inc., 556 W. 186th St., New 
York 32, N. Y. 
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MILITARY SYSTEMS DESIGN 
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INTEGRATING ACCELEROMETER 


New transistorized integrating ac- 
celerometer provides analog outputs 
relative to acceleration and velocity, 
also closes a set of contacts at pre- 
determined velocities from a few ft/ 
sec to 50,000 ft/sec, in typical mis- 
sie and aircraft programs. With- 





stands pressures to 35 lb psia, tem- 
peratures 30° to 150°F, short shock 
pulses of 75 G and long shocks of 
50 G, operates under 15 G vibration 
through 2000 eps, in available ranges 
from + 1G to + 20 G and over. 
Complete technical specifications 
available—Transducer & Systems 
Dept., Donner Scientific Co., Concord, 
Calif. 
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HI STABILITY CAPACITOR 


New High stability Polystyrene di- 
electric capacitors with 0.03% to 
0.01% retrace are designed for use 
in laboratory standards, compensat- 





ing networks, RF filters and coup- 
ling applications. Temperature coef- 
ficient is —100 ppm/°C, + 20 ppm, 
operating range is 0 to 70°C; dissi- 
pation factor at 1000 cps is 0.05%.— 
Electronic Fabricators, Inc., 682 
Broadway, New York 12, N. Y. 
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CERAMIC MINIATURE 
CAPACITORS 


New Cerafil capacitors, black unit 
here shown under white conventional 





ceramic, are available in capacities 
from 10 uuf to 100,000 uuf in work- 
ing voltages of 30 to 100 v de. Type 
C80 will withstand temperatures 
from —55° to 125°C when derated 
to 50 v; meets MIL-C-11015A.—Hi- 
Q Div., Aerovox Corp., Olean, N. Y. 


ror more information circle 164 on inquiry card. 
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DUAL RATE GYRO 


One RG-18 series gyro, using two 
gyro wheels with mutually perpen- 
dicular axes but driven from a single 
motor, can be used to measure both 
pitch and yaw. Another gyro, the 





a 


RG-20 measures two different rate 
ranges about the same axis to provide 
greater accuracy. For instance a 
single unit can measure the 0 to 20°/ 
see and also the 0 to 200°/sec ranges. 
Each range has a separate pickoff. 
The gyros meet stringent environ- 
mental conditions—Humphrey, Inc., 
2805 Canon St., San Diego 6, Calif. 
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LOW NOISE RESISTOR 


Precision Low Noise Metal Film 
resistor, with a temperature coeffic- 
ient of + 50 ppm/°C over a range 
from —65° to 165°C. Precision as- 


a eae 


sembly is enclosed in hermetically 
sealed plastic casing; is available in 
500 v and 350 v max ratings, with 
standard tolerances of + 1%.—Re- 
sistance Products Co., 914 S. 13th 
St., Harrisburg, Pa. 
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PRECISION FILM RESISTOR 


New Carbon-istor, Type C%C, in 
computer-type % watt capacity is 
available in resistance ranges from 
10 ohms to 5 meg, to + 1% toler- 
ances (other tolerances available), 
at 350 v rating. Silver-plated end 
caps are expansion fitted over bands 
of silver paint, has negligible noise 
level in most applications. Meets high 
insulation, high temperature and 
moisture environment tests.—The 
Kidder Co., 24 S. Springfield Rd., 
Clifton Heights, Pa. 


For more information circle 167 on inquiry card. 


POWER RECTIFIERS 


New NL line of low-cost, general 
purpose axial lead types provide ef- 
ficient operation in ambient tempera- 








es ae 
tures up to 100°C. Output current 
rating is 500 milliamps at 100°C with 
PIV’s from 50 to 500 volts.—North 
American Electronics Inc., 212 Broad 
St., Lynn, Mass. 
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21 Ranges 
1,H to 1OOH l F to 100.F 0.1'' to 10M 


Dual Frequency, lkc & 10kc. 400 cps to order 


Built-in Oscillator and tuned VTVM Detector 


IRE Variable Bridge Voltage, meter-monitored 


BOOTHS 
3314-16-18 





111 CEDAR LANE e ENGLEWOOD, NEW JERSEY 
For more information circle 43 on inquiry card. 





ANALOG TO DIGITAL CONVERTERS 


(GRAY, BINARY CODED DECIMAL) 
1:1000; 1:3600; 1:216,000 


Speed and life . . . with bi-directional read-out 
d 8,000 bits/min for 500 hours plus 2,400 bits/min for 1000 hours 
‘ 20,000 bits/min for.300 hours plus 2,000 bits/min for 1700 hours 


For Missile 
and Airborne 
Applications 


® Direct read-out at 20ma — 40V de @ Passes MIL-E-5272B up to 100°C 
¢ No — lifting — no diodes — no net-  @ Ascending code—clockwise on shaft 
works 


® Each code transfer point is unambig- 
vously defined by a 9° least signifi- @ EVALUATION UNITS AVAILABLE 


© Synchro type mounting with pilots 














cant bit WITHIN 30 DAYS 
FOR SPECIFICATIONS SHOWN HERE, ORDER BY PART NUMBER 

IDL Part Number 500206 500216 $00217 
Total number of bits 1000 3600 (0.1°) | 216,000 (0.1’) 
Accuracy (Resolution) 1 bit in 1000] 1 bit in 3600} 1 bit in 216,000 
Max/Min Torque (in. oz.) 1.5/.3 1.5/.3 3.3/3 
Bits per shaft revolution 40 40 40 
Weight (incl. cables) 47 oz. 4.8 oz. 8 oz. 
Case Length 2% in. 2% in. 2% in. 
Mounting Pilot 1.754” dia. | 1.754” dia. 2.156” dia. 

Other models available. 














For prices and complete specifications write 


INSTRUMENT DEVELOPMENT LABORATORIES, INC. 
Subsidiary of Royal McBee Corporation 
54 MECHANIC ST., ATTLEBORO, MASSACHUSETTS, U.S.A, 
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EAGLE ‘Nil-Spec’ Precision 
TIME DELAY RELAY 
























FOR 
INDUSTRIAL OR 

MILITARY APPLICATIONS REQUIRING 
2000 cps VIBRATION TESTS 


SPECIFICATIONS 


a. Operates during 5 to 2000. d. D.C. operating coil. Wet. 
cps, 10G vibration. 9 02. 


b. os —55°to +125° Hermetically sealed. 


c. Withstands 30G llms_ f. Timing not affected by 
shock. voltage variations. 


Write for descriptive Bulletin No. 820. Address 
Dept. MA-259. 
> a SIGNAL CORPORATION 


Industrial Timers Division © Moline, Illinois 
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Juaure LONGER LIFE FOR MOVING PARTS 
INCREASE EFFICIENCY . . . REDUCE MAINTENANCE 
ty WITH 





THE 
LATEST IN 
LUBRICATION! 


Where oils and greases are not feasible or desiravle 


INSTANT DRYING—LONG LASTING 
LIQUID SPRAY GRAPHITE 


Dries to a long lasting solid film lubricant 
seconds after application to any metallic or | 
non-metallic surface. Clean and dry, does not 
pick up lint, dust or dirt. 





Easy to apply without drippage on even those 
hard-to-lubricate surfaces. Effective lubrica- 
tion from 100° below zero to 800° F. Prevents 


sticking, reduces oxidation and corrosion. 
AMERICAN RESIN 


Ww 
CORPORATION 


3215 NORTH SHEFFIELD 


Handy 6 oz. spray container, $1.25 ea. 
Case lots, twelve 6 oz. containers, $11.76 per case. 
Also available in bulk, $14.90 per gallon. 
F.0.8. CHICAGO, ILLINOIS 
Or, send your parts to us 
for special in-plant lubrication. 





CHICAGO 13, ILLINOIS 
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New Products—conr. 





PRECISION RESISTOR 
NETWORKS 


GenRes networks. 





ties to as high as 4 megohms/cu-in 
maintain quadrature effects as low 
as 0.1 mv/volt input—General Re- 
sistance Inc., 577 E. 156th St., New 
York 55, N. Y. 
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CRYSTAL CAN RELAYS 


Micro-miniature relays with sensi- 
tivities as low as 25 mw (SPDT) 
and 40 mw (DPDT) in crystal-can 
case with 0.2” modular terminals 
meet Mil-specs requiring vibration 











» a4 
immunities of 20 G up to 2000 cps 
| and shock of 100 G. Min. life is rated 
at 100,000 operations at 125°C with 
contact loads of 2 amp at 115 v rms 

| or 28 v de.—Electronics Div., Iron 


| Fireman Mfg. Co., 2838 S. E. Ninth 
| Ave., Portland, Ore. 
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| DELAY RELAY ALWAYS READY 


New relays for missile and airborne 
use feature instantaneous reset, tem- 
perature and voltage compensation, 
and high resistance to shock and vi- 





bration. Thermal and magnetic ele- 
ments are combined to allow thermal 
delay unit to cool during time delay 
interval, allowing instant resetting 
the instant they are deenergized. Full 
specifications on request.—Curtiss- 
Wright Corp., Electronics Div., 260 
Passiac Ave., E. Caldwell, N. J. 


For more information circle 171 on inquiry card. 


High reliability resistor networks 
with accuracies as high as + 0.005% 
under all ambients from 0° to 70°C 
in new hermetically sealed line of 
Resistance densi- 


SILICON RECTIFIERS 


New types 1N1768 silicon rectifier 
with 400 v PIV rating, and type 
1N1764 with PIV rating of 500 v, 
both have de load current rating of 
500 ma at 25°C, and max reverse 






current of 100 uwamp at peak inverse 
voltage. New types are said to with- 
stand high temperatures and to be 
usable in applications where previous 


silicon rectifiers were too expensive. 
—Tech Info. Service., Raytheon Mfg. 
Co., 55 Chapel St., Newton 58, Mass. 
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CONTACT METER CONTROLLER 


Continuous control or limitation of 


any electrical variable is achieved by 
C’TROL contact meter and controller 
amplifier. Signal current of the order 


C'’rman CONTROLLER 


“Tro. 
CONTACT METER  Transistorined amplifier with sell-conteined 






i ne er tes) 





Pug few thy con- 
necting Amplifier te Meters when mounted 
pam lnterconnecting cables ore 





of a microampere control amperes in 
the complete system, Modular design 
permits panel mounted meter to be 
separated from chassis-mounted con- 
troller, if desired—Waters Manufac- 
turing, Inc., Wayland, Mass. 
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POLARIZED RELAY 


New Type 51 Carpenter polarized 
relay, in bi-stable (Type 51A) or 
center-stable (Type 51M) form, acts 
as sensitive null-sensing device with- 
out amplifiers, producing square- 
wave output from weak input signals. 





Life of 1 million accurate response 
cycles without readjustment is 
claimed. Withstands 4,000 shocks at 
40 G; operates within 0.7 msec; max 
20% performance change from —40° 
to 70°C.—C. P. Clare & Co., 3101 
Pratt Blvd., Chicago 45, IIl. 
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CONSTANT FLOW REGULATW 


New regulator for injected Water 
alcohol, fuels, hydraulic and lube oi 
flow operates at temperacures Over 
—65° to 250°F range. Preset floy 
rate is adjustable from 3 to 8 br, 


ca “ g “et 1 


~ 










and is maintained constant regarj. 
less of pressure differentials of y 
to 100 psi. Incorporates a filty 
normally open solenoid shut-off valy. 
pressure relief valve, and revery 
flow check valve. Can be modifiej 
for pressure differentials up to 30 
psi. Bulletin 58-123 available.—Saly 
Dept., Aero Supply Mfg. Co., Ine, 
Corry, Penna. 
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MISSILE SOLENOID VALVE 


New in-line solenoid valve, Serie 
V-27200, uses Teflon and _ stainles 
steel parts to handle cryogenic fluids, 
ethylene oxide, jet fuels, liquefied 








gases and hydraulic oils over temper- 
atures from —320° to 500°F. Vari- 
ations are available for operation 
from 750 psi with 0.125 orifice to 
4,500 psi with 0.020 orifice. Responds 
in 15 milliseconds.—Valcor Eng. 





Corp., 5370 Carnegie Ave., Kenil 
worth, N. J. 
For more information circle 176 on inquiry card. 


HIGH-PRESSURE, 
LOW-FLOW BLOWERS 


New Series 300 centrifugal blowers 
give high efficiencies at extremely 
low flows, and provide high pres 
sures (up to 4 psi) in very compact 





units. Only 4” wide by 5%” long, 
weight of twin blowers including 
1/10 hp motor is only 2% lbs. For 
either 115 v 400 eps or 12/24 v é 
power.—Sawyer-Bailey Cor p., 1559 
Niagara St., Buffalo 13, N. Y. 
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IMPORTANT ANNOUNCEMENT TO 
ALL ENGINEERS—EE, ME, AE, CE: 


\ New 


Organization 
Now Forming at 
General Electric 
to Integrate 


and Direct 
Systems 


Management 


of Prime 


Defense Programs 


From within General Electric, 
and from industry at large, 
talented scientists and engi- 
neers from diverse disciplines 
are coming together to form 
the nucleus of the new Defense 


Systems Department. 


The responsibilities of this 
new group encompass man- 
agement of theoretical and 
applied research as well as ad- 
vanced development on major 
terrestrial and space-age 


systems. 


Engineers and scientists in- 
terested in exploring the broad 
new possibilities in the De- 
fense Systems Department are 
invited to investigate current 


openings. 


Direct your inquiry 
in confidence to Mr. E. A. Smith 


Section K 
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Derense Systems DepartMeNT 
GENERAL @@ ELECTRIC 


CouRT STREET 
SYRACUSE, NEW YORK 


January-February, 1959 








SMALLER-THAN-DIME POT 


New Series 44 0.2 watt carbon 
potentiometer is intended primarily 
for space-saving assemblies and 
transistorized circuits. Measuring 


only 21/32” dia. it is available in a 
number of resistors and tapers listed 
in catalog available on request.— 
Clarostat Mfg. Co., Inc., Dover, N. H. 


For more information circle 178 on inquiry card. 


ZENER REGULATORS 


-Line of zener diffused junction 
regulator units in %, 1 and 10 watt 
ratings range from 5.6 v through 200 
v in 10% voltage steps. Technical 
Bulletin 30-58 with detailed data 
available on request.—Semiconductor 
Div., Hoffman Electronics Corp., 930 
Pitner Ave., Evanston, IIl. 
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DIMENSIONING TEMPLATE 


New No. 52 dimensioning and tol- 
erancing template contains MIL- 
STD-8A symbols, standard rectangles 





and circles, arrowheads, and %%” 
letters and numbers.—Rapidesign, 
Inc., P. O. Box 429, Burbank, Calif. 


For more information circle 180 on inquiry card. 


SUBMIN THERMAL 
DELAY RELAY 


New hermetically sealed thermal 
delay relay in subminiature size uses 
G-V’s basic principle of longitudinal 
expansion, operates in 20 G vibration 





up to 1000 cps; 50 G 11-ms shock. 
Contacts are 2 amp resistive in SPST, 
NO or NC.—G-V Controls Inc., Okner 
Parkway, Livingston, N. J. 
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INSPECTION SCOPE 


New Omniscope, having a 180° 
hemispheric field of view, requires no 
rotation, changing of heads or scan- 
ning to aim at different regions. 
Furnished in lengths up to 40 feet, 


i——— a» 


the depth of field extends from 4” 
to infinity. Custom-built designs, 
special illumination and photographic 
attachments can be furnished.—Ler- 
ma Engineering Corp., Box 168, 
Northampton, Mass. 
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VISUAL INSPECTION AID 


Third dimension magnified vision 
is provided to aircraft tool inspector 
by binocular MAGNI-FOCUSER, 


ub 


which leaves his hands free. Detailed 
information on MAGNI-FOCUSER 
on request.—Edroy Products Co., 480 
Lexington Ave., New York, N. Y. 
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SMALLEST METAL HOSE 


Heat-resistant titanium strip 
formed into a flexible tube with I.D. 
of 0.050” is available in commercial 
quantities for designers and engi- 
neers in nuclear instrumentations, 
rockets, and aircraft—Flexonics 
Corp., Maywood, Ill. 
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CABLE SUPPORTS 


New Nylon Cradles, Binders, with 
extensible clips of Neoprene, Silicone 
or Viton are available in sizes to 
hold cable runs from ¥” to 2%” dia 


Yi a Binders 









Cradle 


Binder 


securely fastened to panels or cubicle 
walls. Quickly installed, “Cradle 
Clips” can be opened and closed as 
often as necessary to accommodate 
changes in wiring, etc. 4-page tech- 
nical information bulletin #201 with 
installation sheets on request.—Elec- 
trovert, Inc., 124 E. 40th St., New 
York 16, N. Y. 
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Thermally Insulated 


PRESSURE 
TRANSDUCER 


FULL SCALE 


Incorporates 
Unbonded Strain Gauge 


HIGHLIGHTS 


SE” 


m WELDED FLUSH-MOUNTED 
DOUBLE DIAPHRAGM 


& MAXIMUM OUTPUT 
TRANSIENT DUE TO SUDDEN 
DIAPHRAGM TEMPERATURE 
CHANGE OF 100°F IS LESS 
THAN 2% OF FULL OUTPUT 


® NON-LINEARITY LESS 
THAN 1/5°% 


m MINIATURE SIZE 


PRESSURE RANGES 
0-250 to 0-1500 psi 


_ REQUEST BULLETIN 


For more Information on 
pressure, force, flow, « 
_ placement 
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You Get Things Done With 


Boardmaster Visual Control 
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yx Gives Graphic Picture of Your Opera- 
tions — Spotlighted by Color 

vx Facts at a glance — Saves Time, Saves 
Money, Prevents Errors 

vx Simple to operate — Type or Write on 
Cards, Snap in Grooves 

vx Ideal for Production, Traffic, Inventory, 
Scheduling, Sales, Etc. 

tix Made of Metal. Compact and Attrac- 
tive. Over 300,000 in Use 


Complete price $4Q5® including cards 


FREE 24-Page BOOKLET No. MT-30 
Without Obligation 


Write for Your Copy Today 


GRAPHIC SYSTEMS 
55 West 42nd Street e New York 36, N.Y. 
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MINI-JOINTS 


Now Available With 

Preloaded Ball Spline 
As Telescoping Double Joint 

with ZERO BACKLASH 


- 


pe 





Features 


e Zero backlash ¢ Maximum operating angle 
of 30° e Lightweight © Sealed-in Lubrication 


SINGLE JOINT DIMENSIONS 





























Torque | Price 

Pt. No.| Bore | Body | Length| In. Oz.| 1-9 
SBS | Solid | 3/16 | 1-1/32 4 $4.35 
_1BS | .0938 | 3/16)” ” | $4.65 
2BS |.125 | ” ” ” ” 
3BS 156 | 9/32| 1-3/8 16 4.55 
4BS | .1875 ” ” sd ” 
5BS |.2188| 3/8 | 1-3/4 64 4.50 
6BS | .250 ” ” ” ” 




















Literature available 


FALCON MACHINE & TOOL CO., INC. 
210 Concord Turnpike, Cambridge 40, Mass. 
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New Products—con'. 
HI-TEMP FERROMAGNETICS 


New Ferrotron high-temperature 
non-memory, inductive core materials 
are said to change less than 10% in 
Q and permeability after 100 hrs at 
275°C. Useful as tuning cores, cup 
and loading cores, the material has 
positive Q coefficient, constant perme- 
ability, volume resistivity of over 10% 
ohm-cm and high dielectric and im- 
pact strength__The Polymer Corp. 
of Penna., 2140 Fairmont Ave., Read- 
ing, Penna. 

For more information circle 186 on inquiry card. 


HEAT SINK INSULATOR 


Excellent electrical insulation up to 
4600°F is combined with thermal con- 
ductivity equal to brass in new “BER- 
LOX” beryllium oxide extruded 








shapes. Applications include pyrom- 
eter sleeves, missile nose cones, wave 
guide windows, heat exchangers and 
reactor moderators.—National Beryl- 
lia Corp., 4501 Dell Ave., North Ber- 
gen, N. J. 
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STROBOSCOPIC LAMP 


New Strobex, high-intensity strobo- 
scopic lamp and power unit is used 
for continuous slow-motion observa- 
tion of vibrating or rotating speci- 
mens, for precision measurement of 
rotary or oscillatory speed, or as uni- 
form, fast illumination in photograph- 
ing high-speed objects.—2-page bulle- 
tin gives details —Chadwick-Helmuth 
Co., 472 E. Duarte Rd., Monrovia, 
Calif. 
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SERVO SYSTEMS ANALYZER 


New Model H Servoscope for an- 
alysis of servo systems measures 
phase, transient response and gain. It 
facilitates fast, accurate plotting of 
Nyquist, Bode or Nichols diagrams. 





Frequency ranges covered are 0.1 to 
2.0 cps and 1.0 to 20 cps. Frequency 
accuracy is +5% of setting, rather 
than of full scale. Accuracy phase 
measurements is +1°-—Servo Corp. 
of Amer., 20-20 Jericho Turnpike, 
New Hyde Park, L. 1., N. Y. 
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PRECISION COMPRESSION 
SPRINGS 


New “Herringbone” and “Gimbal” 
compression springs, for control ap- 
plications where conventional springs 





are inadequate, are machined, heat 
treated, and precisely ground to pro- 
vide square ends, tight control of free 
length and exact matching of speci- 
fied rate—Consolidated Controls 
Corp., Bethel, Conn. 
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GLASS FABRIC LAMINATE 


New NELCO 230-R glass reinforced 
phenolic laminate is certified to equal 
or exceed MIL-P-3115B, Type PBE-P 


| 





grade. Furnished in thicknesses from 
0.032” to 1.000”, plain or copper-clad, 
has unusual flexural and impact 
strength, low water absorption, 
Samples and data on request.—New 
England Laminates Co., Inc., 481 
Canal St., Stamford, Conn. 
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SOLDER BATH 
DECONTAMINANT 


New antidote for copper-contami- 
nation of dipping solder bath, Rowex- 
29, is powder that is stirred into mol- 
ten solder bath (1 oz to 100 Ibs 
solder). Forms insoluble, skimmable 
dross in 30 min, removing dissolved 
copper that makes solder dull, slug- 
gish and brittle with an elevated 
melting point—Rowe Engravers, 
Lyon at E. 16th St., Paterson 4, 
N. J. 
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SUPER-TEMP HOOKUP WIRE 


Extruded polyvinyl chloride hook- 
up wire conforming to MIL-W-16878 
B (Navy) types “B”, “C” AND “D” 
with ratings of 600, 1000 and 3000 
v respectively, is being produced in a 
number of AWG sizes, and in insula- 
tion colors conform to MIL-STD 104. 
Temperature rating for continuous 
operation is from —55° to 105°C.— 
American Super-Temperature Wires, 
Inc., 2 West Canal St., Winooski, Vt. 
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Gain of Parabolic Antenna; 


The gain of a parabolic antenna may be expressed x 
G = 10 logio 42 Ag/d? 
in db over an isotropic radiator, where A is the Pr, 
jected area of the reflector, g is the gain factor or ¢. 
ficiency of the antenna, and d is the wavelength corre. 
ponding to the operating frequency. 

Gain factor depends on such parameters as apertuy 
illumination taper, spill-over energy, reflector tole. 
ance, and particularly the separation of the pha 
center of the feed in the E and H-planes. The gain fg. 
tor of most antennas is about 55%. 

The curves below represent the theoretical gain of 
popular sizes of parabolic antennas, based on an ¢. 
ficiency of 55%. To convert to gain over a dipole, sy}. 
tract 2.15 db. Guaranteed gain of Andrew antenny 
will be found in specifications listed in this catalog, 
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FREQUENCY IN MC 
PARABOLIC ANTENNA GAIN CURVES 


Ideally, a parabolic antenna requires a point source 
at its focal point as a feed. A practical feed will give 
certain phase error across the aperture with resultant 
gain reduction. This error may be measured in term 
of separation of feed phase centers in E and H-planes 
An electromagnetic horn has phase centers with leas 
known separation. Thus, it gives the least aperture 
error and is most suitable for a parabolic antenm 
feed. In addition, illumination intensity at the edge of 
the parabolic antenna may be controlled by properly 
proportioning the horn.—(From engineering data sec 
tion of 105-page Catalog No. 22, Andrew Corporation, 
363 E. 75th St., Chicago, IIl. 


For this literature circle 194 on inquiry card. 


Jet Instrument Design Aided 
by Precise Tape Splicing 

VERTICAL-SCALE design of new jet aircraft ip 
struments pioneered by Bendix’ Eclipse-Pioneer Di 
vision in conjunction with the Wright Air Develop 
ment Center employs moving tapes in two vertically 
mounted instruments that tell a pilot at a single glance 
what is happening and what needs to be done (Fig. 1): 
Because the instruments are easily interpreted and 
compactly packaged, the system provides a_visuil 
indication that can be scanned with a single horizontd 
motion of the pilot’s eyes. This system shortens pilt! 
training time, requires less panel space and requilé 
fewer components. 

The instrument design uses two endless nylor 
covered fiber-glass tapes, one inside the other. Numer 
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als are sandwiched under tough transparent nylon 
surfaces for protection from wear. These tapes, de- 
veloped by the General Plastics Corp., Paterson, N. J., 
are light, flexible, yet highly durable. 

The inner tape is longer than the outer by several 
sprocket holes. These tapes, driven by individual 
sprockets, run over idlers while in the viewing area. 
The inner tape bears numerals which appear in the 
windows of the outer tape, which is graduated. The 
difference in length between the tapes, combined with 
the numeral sequence, causes an indexing action which 
is not seen by the pilot. 

An unusual degree of precision was required in the 
splicing of the belts, as any slight deviation during the 
splicing operation from the prescribed length would 





FIG. 2. 


cause inaccurate readings. A method was needed that 
would uniformily (1) cut at an exact spot on the tape, 
(2) seal the ends in precise lateral alignment, (3) pro- 
duce minimum ridge at the splice, and (4) meet rigid 
length tolerances. In this case, the Prestoseal Manu- 
facturing Corporation, Long Island City, N. Y., work- 
ing closely with the tape and instrument manufacturers, 
adapted their standard Presto-Splicer to form a 0.040” 
overlap splice which was compressed flat on the 
sprocket drive side and squeezed to within 0.001” of 
the thickness of a single layer of tape (Fig. 2). The 
splice. completed in 2%4 seconds by application and 
temperature, is stronger than any other spot on the 
tape. 


For more information on Presto Splicer circle 195 
on inquiry card. 
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SCOPE DOLLIES 


New dollies embody refinements 
and conveniences demanded by users, 
such as 8” rubber-tired ball-bearing 
swivel casters.—Technical Service 
Corp., 1404 Market St., Louisville 3, 
Ky. 
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INSPECTION SCOPE 


New type borescope is provided 
with swivel joints for convenient eye- 
piece location, feature 44x magnifi- 
cation in a %” ID bore and individual 





focusing of eyepieces. Inspects bolt 
holes in interior of aircraft wings, 
interior of jet engines, etc.—Lenox 
Instrument Co., 2010 Chancellor St., 
Philadelphia 3, Pa. 
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SPACE, WEIGHT SAVED BY 
NEW CABLE 


New fused film Teflon miniature 
multiconductor cables for aircraft and 


' missiles pack 56 #22 wires/sq-in com- 


pared to 37 wires in conventional 
cables. Up to 250 lbs per aircraft 
saved in weight. Available in continu- 
ous unsliced pinhole-free lengths to 


| 1000 ft, in gauges from #28 through 
| #18 AWG, in construction of 1 to 4 





conductors, shielded.—Inso Products, 
Ltd., Div. of Adams Consolidated In- 
dustries, 404 Fifth Ave., New York 
18, N. Y. 
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WINTERIZING HEATER SYSTEM 


Model UH-86 heavy duty engine 
heater supplies high-temperature, 
high volume air for starting internal 


' combustion engines in frigid military 





ground support applications. Burns 
any grade of gasoline or JP-4 fuel, 
starts with spark ignition under ex- 
treme conditions, is being used for 
winterization gear on the PE-150 
engine, prime mover for the MD-3. 
Supplies 110 cfm air at 3.5” pressure 
with 450°-500°F temperature rise.— 
Hunter Mfg. Co., 30525 Aurora Rd., 
Solon, Ohio. 
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| Pressure and temperature data 





BAFTO ACCESS — 
IN ANALOG DATA REDUCTION SYSTEMS 


Three companion units by Hycon Eastern provide auto- 
matic indexing and high-speed access to selected data 
in multi-channel magnetic tape instrumentation systems. 


For Tape Indening 


DIGITAL TIMING GENERATOR, MODEL 201, gener- 
ates numerically coded timing signals which are 
recorded on magnetic tape throughout the data 
recording periods, providing a precise digital 
index in terms of elapsed time. The Generator 




















also visually displays the exact time in hours, 
minutes and seconds as illuminated digits. 


DIGITAL TIMING GENERATOR, MODEL 206A, FOR 
AIRBORNE APPLICATIONS is a militarized ver- 
sion of Model 201. A Remote Control Box 
contains Power off-Standby-Operate Switch, 
the Digital Clock Set, and the Time Display. 
Completely transistorized, Model 206A in- 
cludes a binary coded decimal system al- 


though other timing formats are available to meet customer requirements, 
Weighing only 15 pounds, Model 206A is stable to 1 part in 100,000 giving an 


accuracy of + 1 second in 1 day’s time. 


For Tape Search 


MAGNETIC TAPE SEARCH UNIT, MODEL 202, operates dur- 
ing data reduction periods. On the basis of time indices 
recorded on the tape by the Digital Timing Generator, 
this instrument automatically locates and selects for 
controlled playback the tape data included between a 
“sequence start time” and a “sequence end time” spe- 
cified by panel dial settings. The time index is visually 
displayed as illuminated digits on a small separate 
panel which may be remotely located for convenience. 
Model 202 may be modified to search for timing for- 
mats other than those originated by Model 201. 









































WIND TUNNEL TESTING JET ENGINE TESTING 
Digital Timing Generator, 
Model 201 synchronizes all 
data receiving equipment. Its 
output can be piped to mul- 
tiple test cells and control 
rooms simultaneously. 


of missiles are referenced to 
angle of attack. Model 201 
records on tape a digitized 
position signal for each new 
angle of attack. 








MISSILE AND AIRCRAFT TESTING 
Model 206A generates timing 
signals simultaneously with 
other flight test data. Model 
201 generates a timing code 


format for synchronizing 
ground station recordings. 


Write for Technical Bulletin TSG 


HYCON EASTERN, INC. 





E 75 Cambridge Parkway, Dept. U, Cambridge 42, Mass. 
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DISPLAY DEVICES * 
AND TECHNIQUES 


Several unusual openings for Elec- 
trical Engineers with 3 to 5 years’ ad- 
vanced engineering experience and 
the ability and initiative to make in- 
dividual contributions. These engi- 
neers will work on research programs 
leading to advanced developments in: 


Display devices for airborne weapons 
systems — flight control, fire control, 
IR, radar and CIC —CRT circuits, 
computer read-in and read-out and 
solid state, color and 3-D display 
techniques. 


Located at Cornell University in 
beautiful Ithaca, New York, the Ad- 
vanced Electronics Center affords you 
unrivalled opportunity for extending 
your professional education on the 
tuition refund program. 


Write in complete confidence to: 
Dr. Paul Doigan, Div. 72 MB 
ADVANCED ELECTRONICS CENTER 
AT CORNELL UNIVERSITY 








GENERAL ($¢) ELECTRIC 


Ithaca, New York 








SERIES 
yao} 8) 
10 AMP. 


KURMAN 


MINIATURE 
POWER RELAY 


FEATURES 

¢ Clear polystyrene dust-proof enclosure 
e Up to3 PDT, 10 amp. contacts 

e AC or DC coil, up to 15,000 ohms 

¢ Life—100,000 operations minimum 

¢ Dimensions 136” sq. x 2,” high 

e Octal or 11 pin plug-in 


STOCKED BY LEADING DISTRIBUTORS 
FROM COAST TO COAST 
For immediate Delivery at Factory Prices 


KURMAN ELECTRIC CO. 
Division of Norbute Corp. 
Quality Relays Since 1928 
191 NEWEL ST. 
BROOKLYN 22, N. Y. 
Export:135 Liberty St,N.Y. 
Cable: TRILRUSH 


SEND FOR CATALOG 
Peeecececeeeeeeeee 
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New Produds—conr. 








MIL-SPEC CABINETS 
New lightweight aluminum alloy 
cabinets complying with MIL-T-17113 
are custom-built from standard stock 





parts for delivery in 30 days. Feature 
built-in cooling ducts, protected harn- 
ess ways, shock mounts as required, 
and size and load capacity to meet 
customer’s needs.—Aircraft Arma- 
ments, Inc., Cockeysville, Md. 


For more information circle 200 on inquiry card. 


“NO STRAIN” CONNECTOR 


Miniature bracket-type screw lock 
connectors, designated FBI series, use 
patented Floating Body Isolation, 





which means that stresses and strains 
are taken up by the frame and are 
not transmitted to the connector 
bodies of insulating material sup- 
ported within the frame.—U. S. Com- 
ponents, Inc., 454 E. 148th St., New 
York 55, N. Y. 


For more information circle 201 on inquiry card. 


PRINTED CIRCUIT 
TERMINAL BLOCK 


New miniature terminal block that 
mounts on PC boards, designated 
Type 520, eliminates soldering by 





providing screw connections integral 
with terminal pins that slip into 
standard connector mounting holes in 
the PC board, where they_are dip- 
soldered.—Kulka Electric Corp., 633- 
643 S. Fulton Ave., Mount Vernon, 
| ef 
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SERVO GEAR HEADS 


New Size 11 Precision Gear Heads 
for use with BuOrd size 11 servo- 
motors are designed for high and 
applications 


low temperature and 





meet all environmental requirements 
of MIL-E-5272A. Adapt also other 
size motors.—F AE Instrument Corp., 
42-61 Hunter St., Long Island City 
a ae oe 
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SERVO MAG AMPLIFIER 


Compact magnetic amplifier pro- 
vides push-pull de outlet for stand- 
ard hydraulic transfer valves used in 
missile and aircraft control. Also is 





used in missile autopilot manufac- 
tured by Vickers, Inc. Input range 
is from —1v to + lv, maximum out- 
put is + 15 ma and +15 v; gain is 
externally adjusted; uses supply of 
115v, .2400 cps.—Electric Products 
Div., Vickers Inc., 1815 Locust St., 
St. Louis 3, Mo. 
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MINIATURE AUDIO AMPS 


Transistorized audio amplifiers 
using military approved components 
and designed for incorporation in mili- 
tary receivers are available in stock 





types from 120 mw to 2.0 watts out- 
put, and having audio gains of 45 db 
to 66 db. Units to meet special input 
and output impedance requirements 
may be furnished with power outputs 
to 20 watts. Encapsulated units are 
hermetically sealed, plug into a stand- 
ard 7-pin socket.—Ferrotran Elec- 
tronics Co., 693 Broadway, New York 
12, N. Y. 
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Operation of Transistorized 
Servo Power Amplifier 
Power Amplifier Models SC-AU20-001/-002 are 


universal carrier-type amplifiers requiring a 60 cps 
signal voltage of the same phase as the supply voltage 
(Fig. 1). Designed with zero-drift, wide bandwidth, 
and isolated input circuits for driving ac servo motors 
and de torque motors rated at up to 5 watts output, 
they also provide for command feed-back input signal 
summation, comparison, or difference in a wide range 
of electrohydraulic servo system applications. 
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FIG. 1. TRANSISTORIZED Servo Amplifier is de- 


signed to drive ac servo, dc torque motors and 
electrohydraulic actuators. 


Assume that an “in phase” AC signal is applied to 
input terminals 3 and 4 and that the instantaneous 
polarity is positive at terminal 3 during the first half 
cycle as indicated by the (+) sign. The line reference 
voltage at terminal 9 is simultaneously positive. Con- 
sideration of the instantaneous polarities existing 
through the first stage shows that the base of power 
transistor V3 will be instantaneously driven negative 
during this half cycle which is the necessary condition 
for conduction of the PNP power transistor V3. The 
base of power transistor V4 is simultaneously driven 
positive and V4 will not conduct during the first half 
cycle. 

Thus, in the first half cycle current flows through 
the rectifier (CR6), the resistor (R7), the 15 ohm 
emitter resistor (R5), and through transistor (V3) 
due to the negative voltage applied to the base of V3. 
During the second half cycle of the input signal, cur- 
rent flows through rectifier (CR9), the resistor (R9), 
the other emitter resistor (R6), and the transistor 
(V4) which now conducts while the other (V3) is 
cut off by a positive base voltage during the period 
of the negative half cycle. 

Thus, for an “in phase” signal, positive voltage ap- 
pears across output terminals 13 and 15 during the 
first half cycle and across terminals 19 and 21 during 
the second half of the cycle. 

For input signals of opposite or “out of phase” in- 
stantaneous polarity, positive voltage will appear 
across output terminals 18 and 15 during first half 
cycle and terminals 24 and 21 during the second half 
of the cycle. 

For zero input signal, approximately equal small 
voltages appear across the resistors (R7, R8, R9 and 
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R10) or terminal pairs (13 & 15), (18 & 15), (19 & | 
91) and (24 & 21) respectively—(From 4-page Tech- 

nical Bulletin 36200, Servocontrol Division, The Oil- | 
zear Company, Milwaukee 4, Wisc.) 


For this literature circle 206 on inquiry card. 


Takeoff Monitor Aids Jet Pilot | 


Transition to jet aircraft has removed the usual 
kinesthetic and noise references which formerly en- 
abled the pilot to monitor the takeoff performance of 
his aircraft. High performance aircraft require com- 
plete pilot attention to takeoff requirements allowing 
only limited time for reference to engine performance 
indicating systems, position on runway, etc. 

The Honeywell Takeoff Monitor System, developed 
to monitor aircraft performance during the takeoff 
roll, presents the pilot with the information he needs 
to safely operate during this critical phase of the 
flight. 

Aircraft acceleration is the parameter used to moni- 
tor aircraft performance because it instantaneously 
reflects any change in the aircraft thrust and drag 
system, allowing any deterioration to instantly trans- 





late into an unambiguous abort signal (see illustra- 
tion). Any monitor system based on velocity, the in- 
tegral of acceleration, would have a delay in detecting 
performance deterioration. 

In addition, the Monitor System measures the dis- 
tance traveled, providing information on distance 
measured to the Refusal Point. A distance circuit in- 
terlock prevents premature abort signals or abort 
signals from occurring after the aircraft has passed 
the Refusal Point. 

The Monitor System consists of a control panel and 
an indicator panel, both located in the cockpit; an 
analog computer unit, containing most of the elec- 
tronic components of the system; a pitch attitude sen- 
sor on the landing gear, an odometer on the aircraft 
wheel, and an accelerometer in the aircraft structure. 
Designs are available for civil as well as military type 
aircraft—(From 8-page brochure, Aeronautical Divi- 
gson, Minneapolis-Honeywell Regulator Co., 2600 
Ridgeway Rd., Minneapolis 13, Minn. 


For this literature circle 207 on inquiry card. 
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ASTRONAUTICAL TERMS are defined 
in free 133-word pocket glossary, 
“Space Talk”’.—Republic Aviation 
Corp., Farmingdale, L. I., N. Y. 


Circle 208 on inquiry card. 








ANTENNA PATTERN ANALYZER for 
use over the 1 mc to 10 kmc range is 
described with specifications in new 
2-page bulletin 141.—Weinschel Engi- 
neering, 10503 Metropolitan Ave., 
Kensington, Md. 


Circle 209 on inquiry card. 


BORESIGHT CAMERA techniques for 
measuring tracking error in radar 
antennas, or for documentation of 
radar tests, are explained in new Vol. 
1, No. 3, Flight Research Recorder.— 
Flight Research Inc., Box 1-F, Rich- 
mond 1, Va. 


Circle 210 on inquiry card. 


DATA PROCESSING and computation 
facilities available for engineering 
and operations data analysis for mili- 
tary programs is described in new 17- 
page facilities brochure.—Missile & 
Space Vehicle Dept., General Electric 
Co., Room 6A, 3198 Chestnut St., 
Philadelphia 4, Pa. 


Circle 211 on inquiry card. 


FM DEVIATION METER and associated 
tuning units and calibrator are de- 
scribed in set of two-page data sheets, 
AR-1B, ATN-18, ATN-24, ATN-52, 
and AMD-1.—A. R. F. Products, Inc., 
7627 Lake St., River Forest, Ill. 


Circle 212 on inquiry card. 


SUBMINIATURE Long-Scale 180° arc- 
scale meters meeting MIL-M-10304A 
requirements are described in new 4- 
page folder, “Ruggedized Meters.”— 
The Hickok Electrical Instrument Co., 
10514 Dupont Ave., Cleveland 8, Ohio. 


Circle 213 on inquiry card. 


MICROWAVE MEASUREMENTS, dia- 
grams and techniques of standards 
measurement are given in 36-page 
booklet, “Microwave Standards Pro- 
spectus,” Hewlett-Packard Co., 275 
Page Mill Rd., Palo Alto, Calif. 


Circle 214 on inquiry card. 


RADIO FREQUENCY METER covering 
125 ke to 1,000 mc with 0.005% ac- 
curacy is described in new 4-page Bul- 
letin DW-102.—Divco-Wayne Elec- 
tronics, 9701-C Reading Road, Cincin- 
nati 15, Ohio. 


Circle 215 on inquiry card. 


NAVIGATIONAL COMPUTERS for air- 
craft with Doppler or TAGAN tie-in 
are operationally described in new 
14-page booklet. Clifton Precision 
Products Co., Inc., 9014 W. Chester 
Pike, Upper Darby, Pa. 


Circle 216 on inquiry card. 


MODEL TO-258 





- 


$42500 


PUSH-BUTTON SELECTION OF FREQUENCY 


Standard model provides accurate and 
convenient calibration for telemetering 
systems. Also ideal for production test- 
ing and other applications. Models can 
be supplied with any 20 frequencies 
from 20 cycles to 100 KC. 


TELETRONICS LABORATORY j:xc. 


54 KINKEL STREET WESTBURY, L. I., N. Y. 





Standard FM/FM frequencies from 400 cycles 
to 70 KC. Calibrated deviation control +15 % 
of center frequency. Distortion less than 1% to 
21 ma. rms. Less than 1% frequency error. 


Full size module of TL! Modular Instrumenta- 


tion System. 





For more information circle 52 on inquiry card. 








EVENT RECORDING 


Plug in 


) 
! 


sequence checking applications. 


Event Recorders. 





Instant and permanent records on electro-sensitive chart. @ Each stylus 
is INDIVIDUALLY molded in plastic and may be replaced as a single 
unit. @ These compact recorders may be operated in any position, 
and are suitable for missile, airborne, laboratory, or time operational 


Request Bulletin 320 for complete engineering specifications on 


2122100 CHANNELS 


_ INDIVIDUALLY 


repia eable stylus s molifies maintenance 





For details on Photron 
Oscillographs and Am - 
plifiers, request Bulle- 


tin 210. 














THE 


Ww 


6516 Detroit Avenue ® ¢ 





PHOTRON INSTRUMENT 
COMPANY 


eveland 2 ,Ohio 


For more information circle 53 on inquiry card. 
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New Literature—conr. 


TELEMETERING SYSTEMS and guided 
missile test equipment are described 
in new facilities booklet and separate 
equipment bulletins —Hoover Elec- 
tronics Co., Timonium, Md. 

Circle 217 on inquiry card. 


OPEN LOOP OPERATIONAL Ampili- 
fiers having differential inputs and 
outputs for a wide selction of circuit 
applications are described in 130 
Series bulletin.—Burr-Brown Re- 
search Corp., Box 6444, Tucson, Ariz. 


Circle 218 on inquiry card. 


TRANSISTOR-MAGNETIC servo ampli- 
fiers with power ratings to 16 watts 
are described in new 4-page brochure, 
bulletin S-893.—Magnetic Amplifiers, 
ts, 632 Tinton Ave., New York 55, 





Circle 219 on inquiry card. 


SAMPLING SWITCHES and commuta- 
tors for multichannel instrumenta- 
tion, both mechanical and electronic 
designs are discussed in new 16-page 
brochure by John F. Brinster.—-Gen- 
eral Devices, Inc., Princeton, N. J. 


Circle 220 on inquiry card. 


PRECISION SEALED SWITCHES, eight 
new precision snap-action types for 
high-temperature and shock-resistant 
missile, aircraft and ground-handling 
applications, are described in data 
sheet #151.—Micro Switch Div., 
Minneapolis-Honeywell Regulator Co., 
Freeport, Ill. 


Circle 221 on inquiry card. 


MULTIPLEXING SWITCHES using 
platinum-iridium, gold-nickel, phos- 
phor bronze, chromium and rhodium 
materials in new low-wear designs are 
featured in new 6-page brochure.— 
Lind Corporation, Research Park, 
Princeton, N. J. 


Circle 222 on inquiry card. 


DYNAMOTORS, indicators, transmit- 
ters, warning units and synchros for 
aircraft and missile applications are 
described with design data in new 
110-page Product Brochure.—Mont- 
rose Div., Bendix Aviation Corp., So. 
Montrose, Pa. 


Circle 223 on inquiry card. 


PRECISION CAMS, couplings, syn- 
chros, mechanical differentials and 
servo motors are described in new 4- 
page brochure.—Ford Inst. Co., 31-10 
~— Ave., Long Island City 1, 


Circle 224 on inquiry card. 


ADJUSTABLE-SPEED Drives, includ- 
ing basic methods for operating dec 
motors from ac sources, are discussed 
in 16-page catalog, #11058.—Servo- 
Tek Products Co., 1086 Goffle Rd., 
Hawthorne, N. J. 


Circle 225 on inquiry card. 


SERVO MOTOR engineering data on 
10 types in sizes from 8 to 18 are 


available in data file TWX 293.— 
Ney Dynamics Corp., Somersworth, 


Circle 226 on inquiry card. 


RELAYS, hermetically sealed tele- 
phone and power contactor types are 
included in 13-page engineering sketch 
book on fine quality relays.—Stand- 
ard Electromagnetics, Inc., 43-45 S. 
Carroll St., Frederick, Md. 


Circle 227 on inquiry card. 


ACCELEROMETERS for dynamic test, 
including high-temperature types are 
listed and described in 8-page catalog, 
“Dynamic Test Equipment.”—Colum- 
bia Research Labs., Bullens Lane & 
MacDade Blvd., Woodlyn, Pa. 


Circle 228 on inquiry card. 


PULSE TRANSFORMER theory, meas- 
urements, manufacturing and appli- 
cation are treated in new 24-page 
catalog —PCA Electronics, Inc., 16799 
Schoenborn St., Sepulveda, Calif. 


Circle 229 on inquiry card. 


SILICON SOLAR CELLS with outputs 


up to 9 watts/sq ft area are described 
in Bulletin SR-275.—Astro-Power 
Div., International Rectifier Corp., 
El Segundo, Calif. 


Circle 230 on inquiry card. 


SILICON ZENER voltage regulator 
diodes are listed by ratings and typi- 
cal characteristics in new 2-page Bul- 
letin SFC 11 & 12.— International 
Rectifier Corp., El Segundo, Calif. 


Circle 231 on inquiry card. 


LOW-NOISE SILICON transistors for 
both low and high-impedance instru- 
ment transducers are described in new 
bulletin TE-1353.—Transitron Elec- 
tronic Corp., Wakefield, Mass. 


Circle 232 on inquiry card. 


DUOTRIODE PULSE TUBE. CBS 6955; 
characteristics of miniature twin tri- 
ode suited for blocking oscillators, 
square wave modulators, etc. are 
given in Bulletin E-274.—-CBS-Hytron 
Adv. Service, Parker St., Newbury- 
port, Mass. 


Circle 233 on inquiry card. 


FIXED FILM RESISTOR derating 
curves for commercial types in all 
standard values are given in new 2- 
page engineering bulletin CF-1.— 
Mepco, Inc., Morristown, N. J. 

Circle 234 on inquiry card. 


PRINTED CIRCUIT TEST point connec- 
tors are described in 6-page brochure. 
—Dejur-Amsco Corp., 45-01 Northern 
Blvd., Long Island City 1, N. Y. 


Circle 235 on inquiry card. 


PRINTED CIRCUIT soldering by Flow- 
solder method is described in 2-page 
brochure.—Electrovert, Inc., 124 E. 
40th St., New York 17, N. Y. 


Circle 236 on inquiry card. 


THIN-SECTION BEARINGS are com- 
pared with conventional types in new 
24-page catalog and applications book- 
let.—Split Ballbearing Div. of MPB, 
Inc., Lebanon, N. H. 


Circle 237 on inquiry card. 





DCG-DC CONVERTER-inverters ;,, 
missile and portable military poy, 
are described in 4-page Transidyp, 
data file No. 701.—Spectrol Electro, 
ics Corp., 1704 So. Del Mar Ave., g, 
Gabriel, Calif. 


Circle 238 on inquiry card. y 


























CENTRALIZED CONTROL anid Data 
Presentation Systems; facilities for 
design and custom production are de. 
scribed in new 16-page Bulletin 106 
—Panellit, Inc., 7401 N. Hamlin Ave, 
Skokie, Ill. 


Circle 239 on inquiry card. 

















WIRE AND CABLES to MIL-W-764 
and MIL-W-16878-B (Navy) and RG 
type coaxial cable types are illustrat 
ed in new 6-page brochure.—N ation] 
Wire and Cable Corp., 186 San Fe. 
nando Rd., Los Angeles 31, Calif, 


Circle 240 on inquiry card. 


CABINET COOLING fans and blowey 
in new — are shown in new 3%. 
page catalog.—McLean Engineer} 

Labs., Princeton, N. J. ce 


Circle 241 on inquiry card. 







CABINET HANDLES of vinyl-coated 
aluminum meeting MIL-Specs are de. 
scribed in 2-page data sheet.—Nation. 
al Radiac, Inc., 479 Washington St, 
Newark 2, N. J. 


Circle 242 on inquiry card. 


INSTRUMENT CASE details and di. 
mensions are given in new 20-page 
design manual No. 401G.—TA Mfg. 
ee 4607 Alger St., Los Angeles 39, 
alif. 


Circle 243 on inquiry card. 


SILICONES in Missile Design, is title 
of new 6-page brochure.—Dow Corn- 
ing Corp., Midland, Mich. 


Circle 244 on inquiry card. 


BERYLLIUM MACHINING and fabrica- 
tion facilities for custom production 
and development are described in new 
3-page folder.—Leemath, Inc., Oak 
Drive, Syosset, L. I., N. Y. 


Circle 245 on inquiry card. 


DEMAND PUMP powered by pneu- 
matic or hydraulic pressure sources 
for pressurization of electronic equip- 
ment or hydraulic reservoirs, and hy- 
draulic system leakage return is de 
scribed in new data sheet WF1642.— 
Waldorf Fluid Systems, Waldorf Inst. 
Co., Wolf Hill Rd., Huntington Sta- 
tion, L. I., N. Y. 


Circle 246 on inquiry card. 


CRYOGENIC PUMPS for LOX and 
other liquefied atmospheric gases are 
described in new 4-page folder— 
Linde Co. Div., Union Carbide Corp. 
30 E. 42nd St., New York 17, N. Y. 


Circle 247 on inquiry card. 


METAL-TEFLON HOSE for high tem- 
perature fuel and lube oil systems, 
missile fuel and oxidizer lines, ett, 
are specified in 6-page folder “Spring: 
field 400”.—Titeflex, Inc., Hendee 
St., Springfield 4, Mass. 


Circle 248 on inquiry card. 
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